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I. INTRODUCTION 
In most cases, congenital hearing impairment is of the sensorineural type and 
therefore not amenable to reconstructive surgery. 
Various investigations among deaf people have shown that about half of the cases 
appear to be of hereditary origin. Nowadays more people are aware of the need 
for information on the risk of passing on hereditary deafness. Prenatal diagnostic 
tests, using amniocentesis or chorion villi biopsy, are for the time being, only of 
value indiagnosing hearing impairment and deafness in someX-Iinked hereditary 
conditions and a few syndromes with chromosomal abnormalities and metabo-
lic disorders (Cremers, Hageman, van Rijn 1987). 
For the purpose of genetic counseling in cases of childhood deafness, a better in-
sight into the diversity and frequency of the causes of hearing impairment in 
children in the Netherlands is needed. 
The terms deafness and hearing impairment have not been clearly defined espe-
cially in Anglo-American literature. 
In 1983, the total number of hearing impaired persons in the world (with a hear-
ing loss of more than 55 dB) was estimated to be 70 million (Wilson 1985). 
In the Netherlands, one out of a thousand children is deaf or seriously hearing im-
paired. There are about 12,000 deaf and 52,000 seriously hearing impaired 
children and adults altogether, a proportion of whom wear hearing aids (Central 
Bureau of Statistics 1974). 
In the Netherlands, hardly any investigations have been carried out on the causes 
of hearing impairment (van der Meer 1957; Huizing 1970) and data on this sub-
ject in the world literature are also scarce (table II. 1). 
As far as planning, method and diagnostic criteria are concerned, the present in-
vestigation on the causes of hearing impairment, bears strong resemblance to an 
earlier Dutch investigation on the causes of deafness in (ex-)pupils of the Institute 
for the Deaf in St. Michielsgestel (Cremers , 1976, 1978), so the results are com-
parable. 
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The criteria used in most studies differ significantly and consequently, com-
parison with such studies has considerable limitations. 
Koningsmark and Gorlin (1976) noted that the findings in studies on the causes 
of deafness differ widely. The most important points of difference refer to the 
composition and origin of the study population; the difference in research methods 
and choice of diagnostic tests; and in the different periods and countries in which 
the studies have been carried out. They also observed that the criteria used for 
making the diagnosis vary considerably. 
The aim of the present study is to give a detailed account of the various causes of 
hearing loss in a group of children, all ex-pupils of a school for hearing impaired 
children. 
The aim of the present study is also to provide a detailed report on every ex-
pupil separately, which can be kept as a reference for further studies. 
For practical and financial reasons all the case histories could not be translated 
and edited as a supplement to this thesis, but they are available on request. A 
selection of interesting case reports have been included in separate sections of 
this book. 
II. REVIEW OF THE LITERATURE: 
STUDIES ON THE ETIOLOGY OF 
HEARING IMPAIRMENT/DEAFNESS 
11.1 INTRODUCTION 
When investigating the causes of hearing impairment/deafness, the results are 
usually divided into three main categories: 
Hereditary 
Acquired 
Unknown 
In table II.l several influential studies have been summarized with respect to the 
size of the study population and the degree and cause of hearing loss. Classifica-
tion into hereditary, acquired and unknown causes is reported as being roughly 
equally divided (see table II.l). Table II.2 summarizes the diagnoses in the 
hereditary group and table II.3 those in the acquired group. 
Considerable differences can be seen in the composition of the populations studied 
as well as in the way the investigations have been devised and carried out. Thus, 
the results are not directly comparable and some of the factors which may be 
responsible for this disparity are discussed briefly below: they should be taken 
into account when analyzing the tables. 
11.2 Degree of hearing loss 
11.3 Selection of study population 
11.4 Period and region in which the investigation was carried out 
11.5 Methods of investigation applied 
11.6 Criteria for diagnosis 
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11.2 VARIA TION IN THE DEGREE OF HEARING LOSS 
The majority of the studies in the literature deal with the causes of deafness. In 
general these also include hearing impaired subjects. 
There are various reasons for this. The common use of the English term "deaf-
ness" in the medical literature refers to various degrees of hearing loss and is thus 
interchangeable with the term "hearing impairment" which refers to all hearing 
loss except total deafness. However, it seems important to distinguish between 
hearing impairment in all its gradations and total deafness. In the past decades, 
separate schools have been established in the Netherlands for hearing-impaired 
children who continue to live at home. Before the Second World War these 
children attended one of the five Dutch Institutes for the Deaf, all boarding 
schools, or exceptionally went to normal schools. In other, usually more scarce-
ly populated countries, the education of hearing impaired and deaf children is 
usually centralized at one institute. Consequently, considerable differences in the 
degree of hearing loss of pupils between different institutes can be found. 
When deafness is defined as a hearing loss of more than 90 dB Fletcher Index 
(average loss of hearing at 500, 1000 and 2000 Hz, measured in the best ear) as 
is customary in the Netherlands, only the research population of Cremers' study 
(1976, 1978) carried out among ex-pupils of the Institute for the Deaf in St. 
Michielsgestel meets this definition of deafness. 
Although the transition from serious hearing impairment to tone-audiometric 
deafness is gradual, it is nevertheless the case that at around 90 dB the power of 
discrimination and therefore speech comprehension decreases to such an extent 
that this may be used as the bottom line for tone-audiometric deafness (Lamoré 
et al. 1985; Coninx 1985). Fraser (1976) has carried out the most extensive in-
vestigation on the causes of deafness and hearing impairment in Britain and 
Australia in 3535 children who were receiving special education because of hear-
ing disorders. However, he does not report the degree and type of hearing loss. 
Fraser did not base the inclusion criterion "deafness" on "a biologically or legal-
ly objective definition, but purely on a pragmatic and educational one" (Fraser, 
1976 page 2), in other words on whether or not the subject was a pupil at the in-
stitute or school which he visited for the study. 
Some recent studies include subjects with degrees of hearing loss ranging from 
slight to severe. For instance, Ruben and Rozycki (1971) reported that in the 
population examined by them, thresholds were greater than 30 dB, whereas Jan-
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zen and Schaefer (1984) reported that the hearing losses in their subjects, pupils 
at a school for the Deaf in London, were equally divided into the categories 
moderate (51 -75 dB), severe (76-85 dB) and profound (more than 85 dB). In their 
study population Holten and Parving (1985) found hearing losses from 65 dB up-
wards in pupils at institutes for the deaf. Ruben and Rozycki ( 1971 ), Kankkunen 
(1982), Parving (1984) and Newton (1985) all examined people with hearing dis-
orders from 25-35 dB Fletcher Index (table II. 1). From demographic studies car-
ried out at schools and institutes for the deaf and hearing impaired in the United 
States, it appears that more than 50% of the pupils have a hearing loss of less than 
90 dB Fletcher Index measured in the best ear (Ries 1986). 
In summary, only Cremers (1976,1978) appears to have described a population 
comprising solely deaf people with a hearing loss of more than 90 dB Fletcher 
Index. In this study is found a remarkably low percentage (less than 2%) of 
autosomal dominant inherited deafness, in contrast to the studies by Fraser (1964 
and 1976), Ruben and Rozycki (1971) and Newton (1985) in which the percent-
age found ranged from 6 to 15% (table II.2). 
11.3 SELECTION OF STUDY POPULA TION 
The nine studies mentioned in table II. 1 refer to 5 investigations carried out on pupils 
at schools for the hearing impaired and the deaf (Fraser 1964; Taylor et al. 1975; 
Cremers 1976; Janzen and Schaefer 1984 and Holten and Parving 1985) and 4 in-
vestigations carried out on patients at clinical or audiological institutes (Ruben and 
Rozycki 1971; Kankkunen 1982; Parving 1984; Newton 1985). Although the com-
position of these two groups differs considerably, large variations in etiology are 
not found (table II.2 and table II.3). 
An important point of distinction is also whether or not other hearing impaired rela-
tives, including siblings (sisters and brothers) who did not meet all the predeter-
mined selection criteria, such as a series of ages, were included in the calculation 
of the prevalence rates of the separate causes. If they were completely excluded, 
the incidence of hereditary deafness has been underestimated; if they were included, 
the incidence may have been overestimated. 
Cremers (1976, 1978) has split his research groups into one group (A) consisting 
of 60 pupils from different families and a second group (B) of 33 deaf persons, all 
related to members of group A and almost all pupils at the same institute for the 
deaf.Consequently.the overall frequency of hereditary deafness must have been 
slightly underestimated in group A, especially the autosomal recessive form of deaf-
ness, among the pupils at that institute. 
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11.4 PERIOD AND AREA OF RESEARCH 
The period from which the study population originates is important, because the 
frequency of some of the causes of deafness has changed over the past decades. 
An example of this is tuberculous meningitis which was frequently observed in 
Fraser's study (1964, 1976) and is now rare. 
Similarly, the frequency of kernicterus has decreased during the last twenty years 
because of the ability to block the formation of anti-rhesus antibodies in the mother 
immediately after birth, thereby preventing the effects of rhesus incompatibility 
in subsequent pregnancies. The declining number of children per family has in-
fluenced the incidence of this condition. 
Rubella, which shows an epidemic pattern in recurring cycles of 7 to 9 years, is 
also subject to changing figures. New programs of vaccination against Rubella 
will undoubtedly be more effective in the near future. 
Geographic and socio-economic factors can also exert influence at the figures. 
For instance, in some areas a higher frequency of congenital syphilis has been 
reported. 
/A 5 APPLIED METHODS OF INVESTIGA TION 
The supplementary investigations which were applied to make a diagnosis dif-
fered in the various studies which have been carried out. 
Full physical and ophthalmologic examinations were conducted in most of the in-
vestigations, although not always routinely (Parving, 1984). 
In some studies, serological investigations for Rubella (Ruben and Rozycki, 1970; 
Kankkunen 1982; Newton 1985) and syphilis (Ruben and Rozycki 1970) were 
performed. In others, electrocardiography was employed on medical grounds in 
order to detect Jervell-Lange-Nielsen's syndrome (Ruben and 
Rozycki 1971; Fraser 1976; Parving 1984; Newton 1985). 
Audiometry of the parents was only applied in a few studies on medical grounds. 
A characteristic "dip" at 2000 Hz on the audiogram, which has been found in car-
riers of autosomal recessive inherited deafness (Anderson and Wedenberg 
1968),has not been confirmed by others. Both Ruben and Parving feel that this 
information is reason enough to conclude that an autosomal-recessive etiology is 
acceptable (personal communications, 1986). 
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The age of the patients examined also varied. Because a number of syndromes 
are less clearly or not at all recognizable at a young age (e.g. Usher's syndrome) 
the age is of importance. 
In 1983 Sellars and Beighton published the total results of their extensive in-
vestigations on 3064 hearing impaired and deaf pupils. Early results of their ex-
aminations were published in 1975, 1976, 1977 and 1978 by Sellars et al. In 
these previous publications, only 44% of the total population was described 
(1338/3064 = 44%). The investigators were confronted with poor and often un-
available medical files and also a lack of cooperation from the study popula-
tion. The cause of deafness could not be identified in 57% of the total study 
population. 
For these reasons the data of the studies by Sellars et al. are not included in 
Chapter II. 
11.6 CRITERIA FOR DIAGNOSIS 
When studying the literature it is apparent that there is a lack of agreement on the 
criteria to be fulfilled in order to accept a certain cause of deafness. This accounts 
for the hereditary as well as the acquired causes. 
We may assume that an autosomal recessive form of hearing impairment/deaf-
ness depends on the number of other affected family members. The degree of 
family relationship may vary and accordingly, the value which is derived from it. 
Depending on the researcher, he may or may not have considered a particular 
aspect to be too insignificant an indication for a certain cause and consequently, 
have drawn a different conclusion. The stricter the criteria, the larger the group 
of "unknown" etiology. 
The more profound the investigation, the greater the chance of finding a cause 
after all. Thus, Ruben and Rozycki (1971) reported that the cause was unknown 
in cases where the interview showed a perinatal defect, apart from those in whom 
there were strong indications for a hereditary form of hearing impairment. On the 
other hand, Kankkunen (1982) attributed the deafness in 55% of the cases to a 
hereditary cause, while there were also indications for a different etiology in 13% 
of the cases. Also in the acquired causes, such as hypoxia, we may say that the 
great difference in the incidence of different causes of hearing loss (mentioned in 
table II.3) can be explained by the differences in the criteria which have been used. 
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Because of the absence of generally accepted criteria, on the basis of which re-
searchers may accept an etiology, the researcher has a great deal of influence on 
the results. 
One observation made by Ruben and Rozycki (1971) was that there is a differ-
ence between genetically and otologically trained researchers. 
Every keen researcher likes to see results and will be inclined to avoid classifying 
cases as "unknown". Fraser's work (1976) does not include the "unknown" group; 
these cases have been dispersed among the recognizable causes. 
The influence of the differences discussed in the previous chapters on subsequent 
investigations must nevertheless be slight, because the investigations carried out 
in Manchester (Taylor et al. 1976; Newton 1985), Copenhagen (Parving 1984; 
Holten and Parving 1985) and Nijmegen (Cremers 1976; van Rijn 1989, this 
thesis) were carried out with the first researcher in that location, 
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Table ILI : Causes of hearing impairment/deafness 
Author 
Fraser 
1964 
Ruben1 
1971 
Taylor et 
al. 1975 
Cremers 
1976 
КапЮаіпеп 
1982 
Janzen2 
1984 
Parving 
1984 
Newton 
1985 
Holten3 
1985 
TOTAL 
Population 
2355 
348 
86 
60 
179 
176 
117 
111 
94 
3526 
Ires of hearing 
dB 
hearing iiipaired 
deaf 
> 30 dB 
hearing inpaired 
deaf 
deaf 
> 25 dB 
> 50 dB 
> 35 dB 
> 25 dB 
> 65 dB 
Hereditary 
η % 
756 32 
74 21 
21 24 
22 37 
99 55 
37 21 
56 48 
33 30 
31 33 
1129 32 
Acquired 
η % 
753 32 
136 39 
41 48 
23 38 
51 29 
75 43 
49 42 
35 32 
39 41 
1202 34 
Unknown 
η % 
846 36 
138 40 
24 28 
15 25 
29 16 
64 36 
12 11 
43 39 
24 26 
1195 34 
Ruben and Rozycki 1971 
Janzen and Schaefer 1984 
Holten and Parving 1985 
Table II.2: Hereditary causes of hearing impairment and deafness in the young child. 
Author 
Fraser 
1964 
Fraser 
1976 
Cremers 
1976 
Ruben1 
1971 
Newton 
1985 
Number of 
persons 
examined 
2355 
3535 
60 
348 
111 
Hearing Loss 
dB 
hearing impaired 
deaf 
hearing impaired 
deaf 
deaf 
from 3D dB 
from 25 dB 
Hereditary 
S 
32 ** 
49.6 
37 »*» 
21 
30* 
Autosomal 
dominant 
6 
15.2 
2 
15 
12 
Autosomal 
recessive 
% 
23 
32.7 
33 
5 
13 
X-linked 
% 
0.6 
1.7 
• 
. 
• 
Acquired 
% 
32 
50.4 
38 
39 
32 
Unknown 
S 
36 
. 
25 
40 
39 
* In the group hereditary, 5 persons with unknown chromosomal 
abnormalities were collected 
** Hereditary etiology with 2S unclear inheritance inclusive 
*** Hereditary etiology with 2% unclear inheritance inclusive 
1
 Ruben and Rozycki 1971. 
Table Il.ï: Acquired causes of hearing impairment and deafness in the young child. 
Author 
Fraser 
1964 
Taylor1 
1975 
Cremers 
1976 
JanzenZ 
1984 
Kankkunen 
1982 
Parving 
19B4 
Holten' 
1985 
Newton 
1985 
Number 
of persons 
examined 
2355 
86 
60 
176 
179 
117 
94 
111 
Hearing loss 
dB 
hearing im-
paired/deaf 
hearing im-
paired/ deaf 
deaf 
from 50 dB 
from 25 dB 
from 35 dB 
from 65 dB 
from 25 dB 
Hereditary 
32 
24 
37 
21 
55 
48 
33 
30 
Acquired 
% 
32 
48 
38 
43 
29 
42 
41 
32 
Meningitis 
% 
17 
6 
13 
β 
7 
3 
7 
4 
Rubella 
% 
6 
8 
5 
19 
5 
19 
15 
11 
Kern-
icterus 
% 
4 
19 
15 
5 
1 
Asphyxia 
1 
15 
2 
3 
1 
14 
15 
14 
Chronic 
otitis 
% 
1 
. 
. 
. 
6 
3 
1 
• 
Others 
% 
3 
• 
3 
8 
9 
3 
3 
3 
Unknown 
% 
36 
28 
25 
36 
16 
10 
26 
39* 
* In the group Unknown, 5 persons with unknown chromosomal 
abnormalities were collected 
1
 Taylor et al. 1975 
2 Janzen and Schaefer 19B4 
J
 Holten and Parving 1985 

Ill PRESENTATION OF THE 
QUESTION 
A group of hearing impaired, all pupils and ex-pupils at a school for the hearing 
impaired in Nijmegen, have been examined in an attempt to find the exact cause 
of their hearing impairment. The main object of the present study is to investigate 
the main causes of early childhood hearing impairment, with special attention to 
the differences between acquired and genetically determined causes of hearing 
impairment. Minor and temporary hearing losses for instance caused by otitis 
media with effusion are excluded. 
As a result, we hope to be able to give more precise answers to questions from 
hearing impaired persons and their relatives about the causes of their hearing im-
pairment and its significance for their offspring. 
The following questions have been formulated: 
1. Is it possible to lay down criteria on the basis of which one will be able 
to detect the causes of hearing impairment? 
2. What are the causes of hearing loss in a given population of hearing im-
paired, subdivided into hereditary, acquired and unknown etiology? 
3. Is there a difference in etiology between the hearing impaired (loss of 
hearing of 35-89 dB Fletcher Index measured in the best ear) and the 
deaf (loss of hearing of 90 dB and higher)? 
4. Is autosomal dominant inherited hearing loss more frequent among the 
hearing impaired than among the deaf? 
Does the same apply to autosomal recessive forms ? 
5. Does hearing impairment and/or deafness occur with equal frequency 
in men and women? 
6. Is it possible to detect carriers of an autosomal recessive gene for hea-
ring loss by means of a simple audiometrie test? 
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7. How is the vestibular function of this population of hearing impaired 
subjects and, is there a correlation of the results with the nature of the 
etiology or the degree of hearing loss? 
8. Is it possible to detect Pendred's syndrome using a simple screening 
method in order to replace the Perchlorate test? 
IV. POPULATION OF THE INVESTIGATION 
/V.I SELECTION CRITERIA 
The study population was composed of hearing impaired children who all met the 
following selection criteria: 
1. A pupil or ex-pupil of the Martinus van Beekschool, infant school, pri-
mary school (till the age of 12) and a department of special secondary 
education (Dutch abbr.: V.S.O.). 
2. Bom in the period ranging from January 1, 1960 to December 31, 1975. 
3. Hearing loss of at least 35 dB Fletcher Index (average hearing loss at 
500, 1000 and 2000 Hz) measured in the best ear on the most recent au-
diogram. 
Relatives (e.g. siblings/cousins) of the patients examined who did not meet the 
three selection criteria mentioned above were not included in this investigation. 
This is important to prevent the overestimation of hereditary causes. 
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IV.2 JUSTIFICA TION OF THE SAMPLE 
We tried to determine whether the study population formed a representative 
sample of the population of hearing impaired pupils at schools for the hearing im-
paired in the Netherlands. 
In 1986, there were 34 schools for the hearing impaired and for those who had a 
speech or language defect and 5 institutes for the deaf. 
In the past three decades the number of schools for the hearing impaired and for 
children with speech or language defects has increased considerably. 
The selection criteria which are used in the Netherlands for admission to an In-
stitute for the Deaf are stricter than is customary in many other countries. 
Consequently, hearing impaired pupils with no other handicaps and with a hear-
ing loss of less than 90 dB Fletcher Index measured in the best ear are found less 
frequently at Dutch Institutes for the Deaf. 
Admission policy to schools for the hearing impaired used to be more flexible. 
This resulted in the admission of nearly all children with varying degrees of hear-
ing loss to schools for the hearing impaired. This situation altered later as aresult 
of a change in policy of the referring authorities concerned, as will be explained 
below. 
IV.2.1 History of the Martinus van Beekschool 
As an acknowledgment of the indispensable support and cooperation we have 
received from the Martinus van Beekschool, we would like to devote a small sec-
tion to the history of this school. 
The school for the hearing impaired in Nijmegen has been named after the founder 
of the Institute of the Deaf in St. Michielsgestel: Martinus van Beek.The school 
was founded in 1959 having, at that time, 34 pupils; this number rose in the same 
year to 56. 
Under the direction of Mr. F.M. Decates this number increased to 112 in 1969. 
In this period the school was expanded and a secondary education department was 
added to the existing infant school and primary education department. 
At the same time a boarding house was founded. For many years this has been 
the only school for the hearing impaired with boarding facilities in the Nether-
lands. This had its effect. The pupils of the Martinus van Beekschool came from 
a larger area than is usual at other schools for the hearing impaired. 
17 
Figure IV.l: Number of hearing-impaired pupils (white) and pupils with a speech-
language defect (black) from the total number of pupils at the Martinus 
van Beekschool in Nijmegen on January 1, per school year. 
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After 1970, the total number of pupils increased under the direction of Mr. J.G.G. 
Spanhoff to 179 in 1986. This second period of expansion was mainly due to the 
extension of a department, founded in 1974, for pupils with a speech-language 
defect, while the number of hearing impaired decreased slightly to about 60 in 
1986 (figure IV.l). 
During the last few years, the number of hearing-impaired pupils at the depart­
ment for special secondary education at the Martinus van Beekschool has 
remained constant. This can be explained by the fact that the majority of pupils 
who were at the central department of the Martinus van Beekschool continued 
their education at this department of secondary education. 
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IV,2.2 The Martinus van Beekschool vs. other schools for the hearing 
impaired in the Netherlands 
In 1973, Mr. J.G.G. Spanhoff conducted a survey among the schools for the hear-
ing-impaired in the Netherlands, to estimate the number of pupils to be expected 
in the years to come. In this survey the number of hearing-impaired pupils at dif-
ferent schools was considered and classified according to the seriousness of the 
hearing loss, into slightly, moderately and seriously hard of hearing. 
In a recent analysis of the 91 hearing impaired pupils who were educated at the 
Martinus van Beekschool in 1973, a similar subdivision was found (table IV.l) 
Table IV.l: Number of pupils at schools for the hearing impaired in the Nether-
lands subdivided into slightly, moderately and seriously hard of hear-
ing. 
SCHOOL 
Arnhem 
The Hague 
Drachten 
Groningen 
Heerlen 
leiden 
Utrpoht 
TOTAL 
Nijmegen 
HEARING IÛSS 
Slight % 
38 29 
19 25 
11 30 
13 34 
25 23 
8 13 
9 13 
123 23.6 
20 22 
Moderate % 
55 42 
37 49 
19 51 
14 37 
51 46 
42 68 
30 45 
248 47.7 
46 51 
Severe % 
37 29 
19 25 
7 19 
11 29 
35 32 
12 19 
28 42 
149 28.6 
25 27 
Total 
130 
75 
37 
38 
111 
62 
67 
520 
91 
Hearing loss measured in the best ear (Fletcher Index) ; 
Slight: less than 35 dB; Moderate:between 35 and 80 dB; 
Severe: more than 80 dB 
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Г .2.3 The influence of the pediatric audiology center in Nijmegen 
The decreasing number of hearing-impaired pupils at the Martinus van 
Beekschool over the last few years can be partly explained by means of the 
reduction in the number of hearing-impaired children who have been referred 
from the Pediatric Audiology Center (PAC) of the University Hospital Nijmegen 
(figure IV.2). 
On account of the assessment facilities and therapy department, hearing-impaired 
children are detected at a young age and optimal use can be made of their residual 
hearing (Hoekstra 1986). 
Thus, a number of hearing-impaired and even deaf pupils have been placed at nor­
mal schools. From the evaluation of a previous investigation by this department 
(Hoekstra 1986), the conclusion was drawn that the degree of hearing loss is no 
longer the most important criterion for referral to schools for the hearing impaired 
and the deaf, as was formerly implied by Löwe (1976) and Böhme (1980). 
The criteria for allocation which are presently being used by the Nijmegen Pediatric 
Audiology Center comprise many factors, including the following: 
the degree to which the child makes use of the remaining hearing 
communication skills 
intelligence (which may provide some compensation for hearing loss) 
- personality (behavioral factors) 
effect of training in the observation therapy department 
cooperation and parents' preference 
facilities of the school 
Nowadays, the degree of hearing loss is no longer a decisive factor in the choice 
of education for the hearing-impaired child. This tendency can also be observed 
in other pediatric audiology centers in the Netherlands (Hoekstra 1986; Ritsma et 
al. 1985). 
The effect of this changed-allocation policy could only be observed after the 
period 1976-1978. It concerns children bom after 1972 (Fig. IV.2). 
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Figure IV.2: Total number of new hearing-impaired pupils referred to the Martinus 
van Beekschool (white) and hearing-impaired pupils referred by the 
Pediatric Audiology Center (black) per school year. 
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This matches the subdivision of the school population in which the number of hear­
ing-impaired pupils born after January 1,1973 decreased considerably. Because the 
study group who were bom between 1973 and 1975 only form a small percentage 
(10/162=16%) of the total study population, its effect is slight (figure 1V.3). 
We may conclude that until 1979, the pupils at the Martinus van Beekschool were 
not essentially different from those at other schools for the hearing impaired in 
the Netherlands. 
There are also no indications whatsoever that in this period the population at a 
school for the hearing impaired deviates strongly from the population of hearing-
impaired children in the Netherlands. 
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IV.3 POPULA TION OF INVESTIGA TION 
The selection criteria, given in IV. 1, were met by 174 pupils, 162 of whom par­
ticipated in this investigation (162/174=93%). 
8 Pupils refused to ndce part and 4 pupils (2%) could not be traced. 
The subdivision of the 162 pupils according to age is given in figure IV.3. The 
average age of the study population under investigation was 20 years. 
Figure IV.3: Subdivision of 162 hearing-impaired pupils according to year of binh. 
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Two former pupils were excluded from this study as their hearing loss was on 
their best ear less than 35 dB Fletcher Index (IV. 1) after surgical hearing correc-
tion. 
The first pupil was a girl bom in 1969. She had a conductive hearing loss of 40 
dB in both ears due to congenital stapes ankylosis. Successful stapedectomy and 
stapes replacement by a teflon piston eliminated the hearing loss. 
The other pupil was a boy bom in 1970 with a conductive hearing loss of 40 dB 
as a result of chronic otitis media in both ears. Because of cholesteatoma a com-
bined approach tympanoplasty with ossicular chain reconstruction was carried 
out on the right ear. A postoperative audiogram showed a conductive hearing loss 
of 20 dB Fletcher Index in the right ear, which did not comply with the inclusion 
criteria. 
Initially, the group aged 10 to 15 was investigated for the same reason as has been 
described by Cremers (1976). An advantage is that the syndromes manifest them-
selves more often at this stage than at a younger age. At the same time, families 
with children of this age are usually complete and hurried counseling as to the 
cause and possible implications is not required. 
As the study progressed the population of investigation increased to the limit of 
the birth cohort mentioned in the criteria. The limit of December 31, 1975 (year 
of birth) was also determined by the fact that after the period 1976-1978 (school 
year), the population of hearing impaired changed too much because of the change 
in policy of the referring authorities (fig. IV.2). 
V. METHODS OF INVESTIGATION 
V. 1 HOME VISITANO INTERVIEW 
All pupils and ex-pupils who met the selection criteria were approached and asked 
to participate in this investigation. After an appointment made by telephone, the 
ex-pupils were visited at home. The investigation and questionnaire were ex-
plained and discussed. Any questions or objections arising about the investiga-
tion could also be dealt with. 
After having formulated an extensive family profile with a family tree and 
genealogie data and after having established the history and development of the 
disease, appointments were made to carry out supplementary investigations. 
It was explained that the cost of this investigation would be covered by the re-
search project and that they could receive a copy of the results if required. At the 
same time permission was asked to complete the genealogie study and to ask for 
relevant medical data elsewhere. 
V.2 TRACING MEDICAL DA TA 
The medical data available at the University Hospital Nijmegen and the Martinus 
van Beekschool were collected and studied. 
If the ex-pupil had been under treatment elsewhere, relevant medical data were 
requested by letter. If necessary, other relatives were asked to verify the 
data and if possible to give supplementary information. On this occasion, permis-
sion was asked to use their medical data as well. Family members were also visited 
at home and further examination, such as tone audiometry, was carried out at a 
hospital within easy reach. 
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INVESTIGATIONS AT THE UNIVERSITY HOSPITAL 
NIJMEGEN 
a. Physical examination 
Every subject underwent a physical examination, including otos­
copy. This is important in order to be able to detect or verify 
syndromes which may not always be perceptible at the toddler age. 
If there were any doubts during the physical examination, other 
specialists were consulted in order to judge this more specificai-
iy· 
b. Audiometrie examination 
The available audiograms of every ex-pupil were analysed and 
checked to determine the stability or progression of the hearing 
loss . If recent audiometrie data were not available audiometrie 
examination was repeated. 
с Ophthalmologic examination 
Every subject was submitted to a general ophthalmologic ex­
amination unless this had been done recently and, according to a 
written report from the ophthalmologist, defects had not been 
found. 
Apart from checking visual acuity and determining the reactions 
of the pupils and the position of the eye and eye movements, all 
pupils were examined by means of a split-lamp and fundoscopy 
in mydriasis. 
The latter investigation was important to detect pigment defects 
which may match a viral embryopathy (Schaffer 1981) or match 
the description of Usher's syndrome. If pigment anomalies were 
found, an electro-oculogram (EOG), electroretinogram (ERG) 
and fundus pictures were taken. If the results fitted a tapetoretinal 
degeneration, then investigations of the visual field and adapta­
tion to darkness were carried out. 
d. Blood tests 
A blood sample was taken from every pupil to determine the level 
of thyroglobulin (Tg) and thyroglobulin-stimulating hormone 
(TSH) in serum: if indicated, urine tests were also performed to 
determine the percentage of iodide and creatinine. This was used 
as a screening method which aimed at detecting Pendred's 
syndrome. 
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A Treponema pallidum Hemagglutination test (TPHA) was also 
carried out for the detection of congenital syphilis. If the reaction 
was positive, then a Wassermann reaction was performed in order 
to make an estimation of the time of infection. 
e. Vestibular examination 
Extensive investigation of equilibrium and balance, including 
electronystagmography using a revolving chair and caloric 
stimulation, were carried out on a large proportion of the popula­
tion examined. 
У A EXAMINA TION OF FAMIL Y MEMBERS 
All parents underwent an audiometrie examination if this had not been done pre­
viously. In a number of parents slight hearing losses were diagnosed during the 
audiometrie test, which had not been observed before. If a brother or sister (sib) 
was suspected of having a hearing loss, this was checked audiometrically. This 
also applied to other relatives. 
V.5 GENEALOGIC STUD Y 
For every patient examined a genealogie pedigree was constructed up to and in­
cluding the fifth generation in order to detect consanguinities between the parents. 
The genealogie pedigree included all information about name, birth date and 
place, wedding place and date and the place and date of death of at least the first 
32 ancestors of the pupil examined. 
If there were strong indications for consanguinity, the genealogie investigation 
was selectively extended past the fifth generation. 
The genealogie study was started by means of the data obtained during the home 
interview and completed through written applications to Town Halls and Public 
Record Offices. 
All genealogie data were subsequently checked and if necessary completed by a 
genealogist. Thus, any links between the pupils in the study population could also 
be determined. 
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V.6 REPORT 
A detailed report of every pupil was made in which the following items were in­
cluded: 
1. History of the disease 
2. Specialists who had treated the pupil in the past 
3. О bstetric history of the pupil ' s mother 
4. Development 
5. Hearing loss 
6. Physical examination and routine ENT examination: 
a. Carried out by pediatricians (esp. Dr. H.P.T. Werkman) in the past, 
during observation at the Pediatric Audiology Center of the 
University Hospital Nijmegen 
b. Carried out by ENT surgeons in the past 
с Carried out during this research 
7. Laboratory diagnostics and supplementary examinations: 
a. Carried out in the past 
b. Screening for Pendred's Syndrome 
с Serologic examination for congenital syphilis 
8. Ophthalmologic examination 
9. Vestibular examination 
10. Audiometry of family members : 
a. Parents 
b. Brothers, sisters and other family members if indicated 
11. Family history 
12. Genealogie study 
13. Discussion 
14. Conclusion 
It was decided on the basis of this report whether a cause for hearing impairment 
was considered to be present. 
VI. HEREDITARY CAUSES 
After a short introduction, the hereditary forms of deafness are discussed in the 
following order: 
VI.2 Autosomal recessive 
VI.3 Autosomal dominant 
VI.4 Heterosomal recessive 
VI.5 Heterosomal dominant 
VI.6 Inheritance unclear 
VI.7 Discussion 
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VU INTRODUCTION 
A syndrome-related hearing impairment is accompanied by other clinically recog-
nizable defects. For syndromes in which hearing impairment occurs we refer the 
reader to the reference books by Koningsmark and Gorlin (1976), Bergsma 
(1979), Cremers et al. (1982) and Regenbogen and Coscas (1985). 
If a syndrome is recognized the inheritance can usually be determined. With a 
number of syndromes, however, the inheritance remains unclear (e.g. Wilder-
vanck's syndrome). 
In most hereditary forms of deafness, the hearing loss is the only characteristic. 
It can only be diagnosed by means of extensive examination, with additional 
genealogie examination and auditory testing of the parents and, if necessary, other 
family members. 
Where possible, the inheritance is determined on the basis of the presence or ab-
sence of hearing disorders in these family members. 
The criteria used vary considerably in previously published articles. 
Only Lindenov (1945) and Aulbers (1959) have defined the criteria on the basis 
of which they made a hereditary diagnosis. The criteria were not stated clearly in 
any of the articles listed in table II.l. 
The criteria used in this study for the acceptance of a hereditary etiology and its 
accompanying inheritance pattern will be discussed together with the study results 
( VI.2.1 and VI.3.1 ). If these criteria were not met the etiology was considered un-
known. 
29 
Vl.2 AUTOSOMAL RECESSIVE FORMS OF HEARING 
IMPAIRMENT 
The diagnosis autosomal recessive inherited type of hearing impairment was ac-
cepted on the basis of the criteria discussed in section VI.2.1. 
VI.2.1 Criteria and results 
If one of the following criteria was met, then an autosomal recessive inheritance 
was accepted as the cause of hearing impairment/deafness: 
1. At least 2 hearing-impaired children in a family without any other ap-
parent cause for this disability (audiometrically confirmed hearing loss of 
at least 30 dB Fletcher Index). 
2. One hearing-impaired child, without any other apparent cause, in a fami-
ly with proven consanguinity of the parents within 5 generations. 
3. One hearing-impaired child, without any other apparent cause, with at 
least one of the following: 
a. Early childhood hearing impairment in at least 2 of the child's rela-
tives, without any other apparent cause for the hearing loss. 
b. Apparent autosomal recessive form of hearing impairmentin rela-
tives. 
4. Autosomal recessive inherited syndrome. 
This syndromic diagnosis can only be made on the basis of the typical 
form of the audiogram, whether or not the hearing loss is progressive, 
and/or on the basis of clinical characteristics. 
- Audiometrically recognizable type 
- Clinical characteristics 
Supporting evidence, by itself insufficient to accept an autosomal recessive etiol-
ogy, includes: 
Another member of the family, hearing impaired since his or her youth, 
within four generations. 
An apparent consanguinity between the fifth and eighth generation. 
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In this study, 38 pupils conformed with the criteria of VI.2.1, leading to a diag-
nosis of an autosomal recessive mode of inheritance (table VI. 1). They were sub-
divided as follows: 
I. 
II. 
III. 
Specific autosomal recessive inherited syndromes, with hearing im-
pairment/deafness (VI.2.2). 
Audiometrically recognizable type of hearing loss with an autosomal 
recessive mode of inheritance (VI.2.3). 
Non-specific hearing loss with an autosomal recessive mode of inheri-
tance (VI.2.4). 
Table VI.l: Autosomal recessive forms of hearing loss in 38 out of 162 pupils at 
a school for the hearing impaired 
Autosomal recessive forms of hearing loss 
I. Syndranal 
. Usher's syndrome 
. Pili-torti and sensorineural deafn«=K 
. Renal tubular acidosis and sensorineural 
deafness 
II. Audiometrically reouymzable type of 
hearing loss 
. Progressive high-frequency deafness 
. Low-frequency deafness 
III. Non-soecific hearim loss 
TOTAL 
Number of pupils 
Number 
7 
5 
1 
1 
5 
4 
1 
26 
38 
% 
4% 
3% 
16% 
23% 
VI.2.2 Specific syndromes of hearing impairment/deafness with 
autosomal recessive mode of inheritance 
In this population, Usher's syndrome was found in 5 pupils (3%). Two other 
autosomal recessive inherited syndromes with hearing loss were discovered. 
There was one case of pili-torti and sensorineural deafness and another of renal 
tubular acidosis and sensorineural deafness. The case reports of the latter two 
syndromes have previously been published (Cremers and Geerts 1979 and 
Cremersetal. 1980). 
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In this study, Pendred's syndrome could not be detected. The whole study popula-
tion was subjected to Thyroglobulin concentration (Tg) and Thyroid-Stimulating-
Hormone tests. Pendred's syndrome as well as this screening method are dis-
cussed in Chapter XIV. 
VI.2.2.1 Usher's syndrome 
Usher's syndrome is a combination of a stable perceptive hearing loss and 
progressive tapetoretinal degeneration. 
Usually, the hearing loss is present at birth and only later in life do the eye defects 
become manifest in the form of increasing night-blindness and visual field defects, 
in the form of a ringscotoma. 
The bone-spicule-like pigmentary changes, pale optic discs and narrow vessels 
which have been observed as well as defective eye function tests (Goldmann-
perimetry, dark-adaptation, electro-oculogram (EOG) and electroretinogram 
(ERG)) are characteristic of this type of illness. 
The incidence in children with a congenital hearing loss is between 3 and 6% 
(Koningsmark and Gorlin 1976; Cremers et al. 1982; Regenbogen and Coscas 
1985). Usher's syndrome was divided into 4 types by Davenport and Omenn 
(1977) on the basis of the degree of hearing loss and the onset of symptoms of 
retinitis pigmentosa (Davenport and Omenn 1977; Gorlin et al. 1979; McKusick 
27690, 1986). 
Type I: Congenital deafness with symptoms of retinitis pigmentosa mani-
festing themselves before adolescence and frequent symptoms of 
ataxia, possibly on the basis of vestibular dysfunction. 
Type II: Congenital moderate-severe hearing loss with symptoms of retinitis 
pigmentosa manifesting themselves after adolescence. 
Type III: Progressive perceptive hearing loss with symptoms of retinitis pig-
mentosa manifesting themselves before adolescence (Gorlin et al. 
1979). 
Type IV: Heterosomal form of Usher's syndrome (Davenport et al. 1978; Mc-
Kusick 1986-31625). 
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The frequency of type I is assumed to be about 90%, type II about 10%, whereas 
types ΠΙ and IV arc rare (Gorlin et al. 1979). 
In an extensive study of the vestibular function in Usher's syndrome by Kumar et 
al. (1984), vestibular pathology was said to occur mostly in type I. 
The inheritance of the first three types is autosomal recessive (Davenport and 
Omenn 1977; Gorlin et al. 1979). 
VI.2.2.2 Usher's syndrome in the present study 
In this study Usher's syndrome was diagnosed 5 times (3%) and only one pupil 
was previously aware of the diagnosis. All patients (4 men and 1 woman) have 
been classified as type II. This can partly be explained by the fact that the study 
population suffers from mainly slight to moderate hearing losses. 
It is interesting that Usher's syndrome occurred frequently in this group of hear­
ing impaired (3%), a fact not stated clearly in the literature. As a result of the age 
distribution in our study population and because the symptoms of retinitis pig­
mentosa in type II manifest themselves after adolescence, an even higher frequen­
cy of Usher's syndrome in this study population can be expected. 
In all patients the characteristic eye defects were observed, after which the diag­
nosis was confirmed by means of an investigation of the visual field (Goldmann-
perimetry), electro-oculogram (EOG), electroretinogram (ERG) and dark-adap­
tation measurement (Thijssen et al. 1974) 
On one occasion atypical tapetoretinal degeneration was observed in a patient 
for whom the cause of hearing loss was considered unknown. 
A short description of the patients suffering from Usher's syndrome is given 
below: 
Case i 
Male born in 1962. Hearing impairment was observed at the age of 35. Hearing loss 
was symmetrically stable, most marked in the high tones and Fletcher Index 60 dB on 
either side (figure VI.I; audio 1). 
Maternal obstetric history, parturition and early youth were normal. Physical examina­
tion and blood tests did not show any peculiarities. There were no complaints of night-
blindness or restricted visual fields. 
Pure tone audiograms of the parents were normal. Investigations of the family showed 
that two second cousins, one paternal and one maternal had been suffering from severe 
hearing impairment from early youth onwards through unknown causes. 
Complaints of vision which match Usher's syndrome were not documented in either the 
father's or mother's family. 
Genealogie investigation did not reveal any consanguinity within 5 generations. 
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Ophthalmologic examination 
Vision: ODS without correction 0.8 
Position of eyes: Orthophorie 
Eye movements: no abnormalities 
Reaction of the pupils: no abnormalities 
Media: no abnormalities 
Fundi:narrow vessels, pale optic discs, bone-spicule-like pigmentary changes in the 
periphery. 
ERG:nil 
EOG:flat 
Visual fields (Goldmann): ring scotomata, central decrease of sensitivity and enlarged 
blind spots on both sides. 
Conclusion: retinitis pigmentosa, may match Usher's syndrome. 
Classification according to Davenport and Omenn (1977) type II. 
Case! 
Male born in I960. Hearing impairment was noted at the age of 2. Hearing loss was 
60 dB, symmetrically stable with aflat audiometrie profile (figure VI.1; audio 2). 
The pupil has an older hearing-impaired brother, twin brothers with normal hearing 
and a normal-hearing half-brother. Maternal obstetric history, parturition and develop-
ment were unremarkable. 
Physical examination and blood tests were normal; complaints of night- blindness or 
visual field defects were denied. The mother had a conductive hearing loss of 40 dB, 
caused by chronic otitis media with cholesteatoma. None of the other members of the 
family suffered from any form of hearing impairment or visual complaint. 
Genealogìe research revealed no consanguinity within 5 generations. 
Ophthalmologic examination 
Vision: ODS SC 0.6 objective refractometry 
OD Sph + 0.25 = Cycl -2.0 axis 10 
OS sph + 0.25 = Cycl -25 axis 0 
Vision in both eyes in mydriasis with correction 0.8 
Position of the eye: Orthophorie 
Eye movements: no abnormalities 
Reaction of the pupils: no abnormalities 
Media.no abnormalities 
Fundi:slightly narrow arteries, optic discs not pale, no bone-spicule-like pigmentary 
changes. 
ERG: low 
EOG: almost flat 
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Visual fields:Goldmann OD relative ring scotoma 
Goldmann OS partial ring scotoma 
Conclusion: beginning tapetoretinal degeneration 
This diagnosis was also made in the hearing-impaired brother, but he was excluded from 
this study from the age point of view, on the basis of the selection criteria given in IV.1. 
Classification according to Davenport and Omenn (1977): type II. 
Case3 
Male born in 1960. Hearing impairment noted at the age of 4. Hearing loss was sym­
metrically stable, most marked in the high tones. Fletcher Index was 37 dB on the right 
and 42 dB on the left (figure VI.1; audio 3). 
Maternal obstetric history, parturition and early youth were normal. At the age of 23 
the diagnosis of Usher's syndrome was made. 
Physical examination, blood tests and examination of equilibrium did not reveal any ab­
normalities. The parents as well as the two sibs had normal hearing which was con­
firmed aiidiometrically. 
Hearing impairment and complaints of vision not present in the father's or in the 
mother" s family. 
A genealogie investigation of 5 generations did not show any consanguinity. 
Ophthalmologic examination 
Vision: OD Sph -0.5 = Cycl-lSaxis 15 0.8 
Vision: OS Cycl -1J axis 1700.8 
Position of the eyes: esophoric 
Eye movements: no abnormalities 
Reaction of the pupils: no abnormalities 
Media:some cortical opacities of the eye lenses in both eyes. 
Fundi.pale optic discs, narrow vessels, bone-spicule-like pigmentary changes 
ERG.nil 
EOG:flat 
Color vision 100 Hue test: too many errors 
Conclusion: retinitis pigmentosa, may match Usher's syndrome. 
Classification according to Davenport and Omenn (1977): type II. 
Case 4 
Female born in I960. Hearing impairment was observed at the age of 7. 
Symmetrically stable, audiometrically flat hearing loss with a Fletcher Index of 58 dB 
(figure VI.1; audio 4). 
The pupil had 3 normal hearing and 2 hearing-impaired sibs, the latter being ex-pupils. 
The two hearing-impaired sibs were excludedfrom this study from the age point of view, 
on the basis of the selection criteria given іпГ .1. 
Maternal obstetric history, parturition and early development were normal. Complaints 
of vision were denied but during an ophthalmologic examination elsewhere, the oph­
thalmologist told her that there were some abnormal spots in the eyes. 
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The pupil refused to cooperate with this investigation, but by means of an ophthalmologic 
examination of her hearing-impaired brother the diagnosis was suspected. 
Ophthalmologic examination (brother) 
Vision: OD Sph + 0.75 = Cycl -1.00 axis 251.25 
Vision: OS Sph + 05 = Cycl - 0.75 axis 170125 
Position of the eyes: esophoric 
Eye movements: no abnormalities 
Reaction of the pupils: no abnormalities 
Media:dotted lens opacities, some thickening of the vitreous in both eyes. 
Fundi:narrow vessels, optic discs not pale, bone-spicule-like pigmentary changes in mid-
periphery, local thickening of vitreous bodypreretinally. 
Dark adaptation: pathological 
ERG: low function, Rod/cone dystrophy 
EOG .-almost flat 
Conclusion: retinitis pigmentosa; may match Usher's syndrome. 
Classificanon according to Davenport and Omenn (1977): type II. 
Case 5 
Male born in 1960. Hearing impairment noticed at the age of 4. Symmetrically stable 
hearing loss, most marked in the high tones with a Fletcher Index of 57 dB on both sides 
(figure VI.1; audio 5). 
Maternal obstetric history, parturition and early development were normal. 
Blood tests and physical examination did not reveal any defects except for widened 
pupils. Night-blindness and restricted visual fields were denied, although the parents 
doubted the validity of this response. 
The parents had normal hearing which was confirmed audiometrically. The deceased 
paternal grandmother began to hear less clearly in middle age and complained about a 
progressive decrease of the visual field from that time, at first in the periphery and later 
leading to total blindness. Ophthalmologic examination was never carried out on her. 
The ophthalmologic examination and examination of the father's visual fields were nor-
mal. 
None of the other members of the family complained of hearing or visual problems. 
A genealogie investigation failed to reveal consanguinity within 5 generations. 
Ophthalmologic examination 
Visus: OD without correction 0.8 
Visus: OS without correction 0.5 
Position of the eyes: Orthophorie 
Eye movements: no abnormalities 
Reaction of the pupils: no abnormalities 
Media.iocal opacities 
Fundi.multiple bone-spicule-like pigmentary changes, narrow vessels, pale optic discs 
ERG.nil 
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EOG-.flat 
Dark adaptation· pathological 
Visual fields (Goldmann): ODS a relative partial absolute scotoma 
Conclusion: retinitis pigmentosa; may match Usher's syndrome. 
Classification according to Davenport and Omenn (1977): type II. 
Figure VI.l: Audiograms of 5 pupils with Usher's syndrome. 
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VI.2.3 Audiometrieally recognizable type of hearing loss with an 
autosomal recessive mode of inheritance 
Reports on a non-syndromically determined autosomal recessive hereditary hear-
ing loss with a recognizable type of tone audiogram have appeared sporadically 
in the literature. 
In 1967, Mengel et al. described progressive deafness occurring in very early 
childhood in a family; it was transmitted autosomal recessive. The family tree 
showed many consanguineous relations and the family came from a religiously 
isolated community in the United States (Barr and Wedenberg 1965; Menge! et 
al. 1967; McKusick 1986-22160). 
Cremers distinguished a special form of hearing impairment in which progression 
showed a characteristic pattern (Cremers 1979; Cremers et al. 1987; McKusick 
1986-22165). 
In the present study two of these forms were found viz. 4 cases of autosomal reces-
sive forms of progressive sensorineural deafness (VI.2.3.1) and one case of an 
autosomal recessive form of low-frequency deafness (VI.2.3.2). 
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VI.2.3.1 Progressive deafness 
An autosomal recessive form of progressive sensorineural deafness was found 
in 4 persons (cases I to IV). 
Case I 
Girl of 13 years old. Doubts about her hearing arose at the age of3. During the last 6 
years progressive hearing loss was observed, especially at higher frequencies (figure 
VI.2; audio 1). 
Pregnancy and delivery were normal and she did not suffer from any serious illness in 
her early youth. 
In a physical and ophthalmologic examination no defects were observed. laboratory 
tests for thyroglobulin (Tg), thyroid stimulating hormone (TSH) and syphilitic serology 
were normal. Her parents and an elder sister had normal hearing which was confirmed 
audiomctrically. 
No hearing impairment was mentioned in the family history. 
A genealogie investigation, carried out up to and including the fifth generationandselec-
tively up to the 7th generation did not show any consanguinity. 
However, there appeared to be a family relationship with case II and case ill, who also 
have the same type of progressive sensorineural hearing loss (figure VI.3). 
Case II 
Young man of 20 years old, suspected of hearing impairment at the age of 4. The last 20 
years a progression of 20 dB Fletcher Index has been observed (figure VI.2; audio 2). 
Pregnancy, delivery and early youth were normal. In a physical examination no defects 
were found except for proximal syndactyly of the 2nd and 3rd toes on both sides. Oph-
thalmologic examination showed no abnormalities. 
This anomaly was present in both the father and the father's mother. No defects were 
found in their eye tests. 
On examination of the pupil's equilibrium, vestibular hyporeactivity on both sides was 
found. 
Laboratory investigations showed normal values for Tg, TSH and reactions for syphilis. 
The parents as well as two younger sisters had normal hearing, which was confirmed 
audiometrically. 
No hearing impairment was mentioned in the family anamnesis. 
Genealogie investigation, carried out up to the 7th generation showed no consanguinity 
between the parents (figure VI.3). 
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Caselli 
Girl of 13 years old; doubts about her hearing arose around the age of3. 
During the last 6 years a progression of the hearing loss of 20 dB Fletcher Index was 
observed, which was most evident at higher frequencies (figure VI.2 ; audio 3). Pregnan­
cy and delivery were normal She did not have any serious illnesses in her early youth. 
Physical examination and ophthalmologic examination were normal. 
Laboratory investigations for Tg, TSH and reactions for syphilis were normal. 
The parents as well as the younger sib had normal hearing which was confirmed 
audiometrically. Hearing impairment was not evident in the family history. 
Genealogie investigation showed consanguinity between the parents as well as a fami­
ly relationship with case I and II (figure VU). 
Figure VU: Audiogram of 4 pupils with autosomal recessive forms of progressive 
sensorineural deafness. 
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Case IV 
A 26-year-old man, in whom hearing impairment was found at the age of 9. 
During the last 14 years a considerable progression was observed as represented 
tedtedin figure VI.2; audio 4. 
Maternal pregnancy and parturition were normal. 
He did not have any serious illnesses in his early youth. At the age of 20 M. Bechterew 
was diagnosed. 
During examination no defects were found except for those characteristic ofM. Be-
chterew and disturbances of the motor system of the hand. Ophthalmologic examina-
tions did not show any abnormalities. Laboratory tests for Tg, TSH and syphilis serol-
ogy were normal. 
The parents had normal hearing, which was confirmed audiometrically. 
From his family history it appeared that a niece was also hard of hearing. Genealogie 
investigation did not show any consanguinity between the parents. 
Figure VI J : Autosomal recessive forms of progressive sensorineural deafness 
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VI.2.3.2 Low-frequency deafness 
One pupil had sensorineural low-frequency deafhess. An autosomal recessive 
cause of his hearing loss was accepted (Case V). 
CaseV 
in two brothers, of whom one met the selection criteria (IV.I), non-progressive sen­
sorineural low-frequency deafness was found (figure VIA; audio 5 and 6). 
The parents had normal hearing which was confirmed audiometrically. Family history 
did not allow us to differentiate between a heterosomal or autosomal mode of inheritance 
Genealogie investigation within 7 generations did not show any consanguinity between 
the parents. However, it has been assumed on the basis of the selection criteria men­
tioned in VI.2.1 that the cause was determined by an autosomal recessive mode of in­
heritance. 
No mention has been made in the literature of such a type of autosomal recessive form 
of sensorineural low-frequency deafness. 
Figure VI.4: Audiograms of one pupil (case 5-audio 5) and his brother (audio 6) 
with sensorineural low-frequency deafness. The inheritance was as­
sumed to be autosomal recessive. 
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VI,2.4 Non-specific sensorineural hearing loss with autosomal 
recessive mode of inheritance 
VL2.4.1 Literature 
Autosomal recessive forms of sensorineural hearing impairment/deafness, 
without any specific syndromic or audiometrie characteristics, was estimated by 
Fraser ( 1976) to be present in 1 /3 of the total group of hearing impaired/deaf and 
to be the cause of hereditary hearing loss in 2/3. 
From recent studies the percentage of autosomal recessive forms of hearing los­
ses, including a small number of syndromes, appears to vary from 5 to 33% (table 
II.2). Cremers (1976, 1978), who has examined a population of completely deaf, 
mentioned the highest percentage. 
У 1.2.42 Present study 
In this study the diagnosis of autosomal recessive inherited non-specific sen­
sorineural hearing impairment/deafness, according to the criteria mentioned in 
VI.2.1, could be made in 26 pupils with an average hearing loss of 66 dB, most­
ly with a flat audiometrie profile 
Divided according to the degree of hearing loss, this cause was found in 17 out 
of the 138 pupils (17/138 = 12%) in the group of 35 - 89 dB and in 9 pupils (9/24 
= 38%) with a hearing loss from 90 dB upwards. This cause was diagnosed rela­
tively more often where hearing losses above 90 dB were concerned. As the total 
study population with hearing losses above 90 dB was relatively small (24/162 
= 15%), no significant conclusions can be drawn from these observations. 
Autosomal recessive inherited, atypical sensorineural hearing losses were found 
in 16% (26/162) of the total study group examined and in 41% (26/64) of the 
group with a hereditary cause. 
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VI.2.S Discussion 
In accordance with the criteria, an autosomal recessive cause was accepted in 38 
pupils (38/162 = 23%). 
No relationship could be found between the degree of hearing loss and an 
autosomal mode of inheritance. 
Within this group, a syndromal diagnosis was recognized in 7 out of 38 pupils 
with an autosomal recessive mode of inheritance (7/38 = 18%). 
Interestingly, Usher's syndrome was found more frequently than would be ex-
pected from the literature. In the present study it was found in 5 pupils; in 4 as an 
unexpected diagnosis. 
The lower percentage of this syndrome in previous studies could be explained by 
the fact that pupils were examined at a younger age, when the typical ophthal-
mologic features could be missed. 
Hearing-impaired pupils should be examinated ophthalmologically in adoles-
cence, then audiological help, visual help and psychological support can be given 
as early as possible. 
Pendred's syndrome was not found in this study. Detailed information on this 
syndrome, the methods of detection and their efficiency are given in Chapter XIV. 
Pendred' syndrome is probably more common in the very deaf than in the hear-
ing impaired. 
Carriers of an autosomal recessive gene for deafness could not be found in this 
study by audiometrie investigation of the parents. A detailed description is given 
in Chapter XI. 
A genealogie study is important to detect consanguinity between the parents. This 
is one of the criteria by which an autosomal recessive mode of inheritance can be 
accepted (see Chapter XII). 
An audiometrically recognizable type of hearing loss was found in 5 out of 38 
pupils in the autosomal recessive group (5/38 = 13%). 
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VL3 AUTOSOMAL DOMINANT FORMS OF HEARING 
IMPAIRMENT 
An autosomal dominant form of hearing impairment was accepted if the criteria es-
tablished for this purpose (VI.3.1) were met. 
VI.3.1 CRITERIA AND RESULTS 
If one of the following 3 criteria was met, then an autosomal dominant inheritance 
was accepted as the cause of the hearing impairment/deafness. 
1. According to the history, hearing impairment in childhood in at least three 
successive generations, without any other apparent cause. 
2. Audiometrically proven hearing impairment in at least 2 successive 
generations (preferably hereditary transmission from father to son) 
without any other apparent cause. 
3. Recognizable characteristics with autosomal dominant inheritance, either: 
a. audiometrically recognizable type 
b. syndromal characteristics 
Supporting evidence,which by itself is insufficient to accept an autosomal 
dominant etiology, includes: 
a family tree which supported the diagnosis of an autosomal dominant 
mode of inheritance. 
an audiometrically proven hearing impairment in other members of the 
family without any other apparent cause. 
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In accordance with the criteria from VI.3.1, an autosomal dominant cause could be 
accepted in 23 out of the 162 pupils (table VI.2). Family trees of these 23 pupils are 
given in the appendix (App. I). 
Pupils were divided into groups with: 
I. Specific syndromes of hearing impairment/deafness with an autosomal 
dominant mode of inheritance (VL3.2). 
II. Audiometrically recognizable type with an autosomal dominant mode 
of inheritance (VI.3.3). 
III. Non-specific hearing impairment/deafness with an autosomal 
dominant mode of inheritance (VI.3.4). 
Table VI.2: Autosomal dominant forms of hearing losses in 162 pupils at a school 
for the hearing impaired 
Autosomal dctninant forms of hear ing l o s s 
I Syndrtmes 
.Dysostosis mandibulofacia l i s 
.Branchio-oto-renal syndrome 
•Waardenburg's syndrorue 
I I AirhnriFLriral ly recognizable t y p e of 
h e a r i n g l o s s 
. Progress ive mid-frequency deafness 
. High-frequency deafness 
I I I Ncw-specif i c sensor ineura l h e a r i n g l o s s 
чить 
Number of piçi i l s 
4 
2 
1 
1 
7 
б 
1 
12 
23 
3% 
4% 
7% 
14% 
These results are presented in more detail in paragraphs VI.3.2-VI.3.5. 
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VL3.2 Specific syndromes of hearing impairment/deafness with 
autosomal dominant mode of inheritance 
For a description of the autosomal dominant inherited syndromes with hearing 
loss, the reader is referred to the reference books by Koningsmark and Gorlin 
(1976), Gorlin et al. (1976), Bergsma (1979), Cremers et al. (1982) and Regen-
bogen and Coscas (1985). 
In this study the diagnosis of an autosomal dominant inherited syndrome was 
made in 4 pupils. 
One pupil with the Branchio-oto-renal syndrome (earpits-deafness syndrome) has 
previously been reported as one of a series by Cremers and Fikkers van Noord 
(1980), Cremers et al. (1981) and Widdershoven et al. (1983) (App. I-l). 
In one ex-pupil, Waardenburg's syndrome was diagnosed in a descendant from a 
family previously reported on by Waardenburg in 1951 (APP. 1-2). 
The Dutch otolaryngologist Hageman studied this syndrome in detail in 1975. 
In two pupils, the diagnosis mandibulo-facial dysostosis (Treacher Collins or 
Franceschetti-Zwahlen-Klein syndrome) was made. 
The family investigation of both pupils showed a clear autosomal dominant pat-
tern of inheritance (App. 1-3 and 1-4). 
In one of these families (case I), non-penetrance was found, which is highly un-
usual in this syndrome (van Rijn and Cremers 1988). 
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Case I 
Boy, 14 years old, with a stable conductive hearing loss of 40 dB on both sides from his 
early youth onwards. 
Pregnancy and delivery were normal. In his youth he underwent several operations for 
a cleft lip and palate. 
Characteristic phenomena which fit mandibulo-facial dysostosis were observed, includ­
ing the following: 
-the antimongoloid position of the eyes with prolapsed lateral bottom eyelids. 
-hypoplasia of the maxillary sinus on both sides. 
-slight hypoplasia and retroposidon of the mandible. 
-wide labial cleft and rhinolalia aperta. 
On both sides the auditory canal was narrow and showed an abnormal course without 
signs of atresia. The auricles hada normal shape. 
Except for having small stature, most probably caused by a familial predisposition, no 
other abnormalities were found. 
Ophthalmologic and vestibular examination did not produce any abnormal results. 
Genealogie investigations carried out up to the 7th generation did not show any con­
sanguinity between the parents. 
Within the family, this syndrome also affected the maternal uncle and the maternal 
grandmother (figure VI5IAppJ-3). 
After a thorough physical, otologic, audiometrie and ophthalmologic examination, not 
a single symptom of this syndrome was found in his mother. 
In this family with an autosomal dominant inherited Dysostosis Mandibulofacialis, the 
mother is carrier of the gene with поп-penetrance. This is rare and after a thorough in­
vestigation of the literature no other cases of поп-penetrance could be found. 
Figure VL5: Non-pene trance in the Treacher Collins Syndrome 
48 
VI.3.3 Audiometrie recognizable type of hearing loss with an 
autosomal dominant mode of inheritance 
Otosclerosis is the most frequently found autosomal dominant inherited form of 
hearing loss. An incidence of 8-12% is reported in histological studies of 
Caucasians (Engström 1940, Guild 1944, J0rgensen and Kristensen 1967). Stapes 
fixation occurs in 0.1% of cases in the total population. J0rgensen and Kristensen 
1967). 
The fact that no otosclerosis was found in this study as the cause of childhood deaf-
ness can be explained by the young age of the study group. Hearing loss caused by 
otosclerosis usually manifests itself between the age of 15 and 45. 
The audiometrically recognizable types of autosomal dominant forms of hearing 
loss occur less frequently and data from the literature on these types are scarce. 
Koningsmark and Gorlin (1976) discerned the following audiometrically recog-
nizable types of hearing loss with an autosomal dominant mode of inheritance: 
I Autosomal dominant progressive sensorineural deafness in early 
childhood 
II Autosomal dominant unilateral sensorineural deafness 
III Autosomal dominant low-frequency deafness 
IV Autosomal dominant mid-frequency deafness (VI.3.3.1) 
V Autosomal dominant (progressive) high-frequency deafness 
(VI.3.3.2). 
In the present study two of these forms were found viz. 5 cases of autosomal 
dominant forms of mid-frequency deafness and one case of autosomal dominant 
inherited high-frequency deafness. 
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VI.3.3.1 Mid-frequency deafness 
The autosomal dominant form of sensorineural mid-frequency hearing impair-
ment has been described by Martensson (1965) and Koningsmark et al. (1970) as 
progressive, whereas Williams, on the other hand, did not observe any kind of 
progression in the audiograms in a family during a period of 7 years (Williams et 
al. 1954, 1962). 
The degree of hearing loss in members of the family may vary, a fact which can 
be explained by the variable expression of the gene (Koningsmark and Gorlin 
1976). 
In this study a mid-frequency deafness type of audiogram was found in 5 patients 
who, by means of the family history and supplementary tone audiometry, could 
be diagnosed as having an autosomal dominant form of mid-frequency hearing 
impairment. 
Criteria defining mid-frequency deafness could not be found in the literature. In 
this study autosomal dominant inherited mid-frequency deafness was accepted 
when all the following criteria were met: 
I. Sensorineural (progressive) hearing loss, thresholds in the low fre-
quencies (250-500 Hz) and in the high frequencies (4000-8000 Hz) 
being at least 20 dB above the mid-frequencies (1000-2000 Hz). 
II. Audiometrically recognized mid-frequency deafness in relatives. 
III. Autosomal dominant mode of inheritance (VI.3.1). 
The audiograms of 6 pupils in whom autosomal dominant inherited mid-frequen-
cy deafness was accepted are shown in figure VI.6. 
A male cousin of one of the aforementioned pupils had a flat perceptive hearing 
loss of 40 dB (figure VI.6; audio 3) but met the other selection criteria for in-
clusion in this investigation (IV. 1 ). As the diagnosis mid-frequency deafness was 
made in relatives, this diagnosis has, by exception, also been accepted for him. 
In 3 out of the 6 patients, progression was observed which manifested itself by 
the audiogram levelling off. 
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In the other 3 patients no progression in the audiograms was found even after a 
period of more than 15 years. This variable expression requires further research. 
The family trees of these pupils are shown in the Appendix (App. I: 5 to 10). 
Figure VI.6: Audiograms of 6 pupils with autosomal dominant inherited mid-fre-
quency deafness. The first curve shows the earliest audiogram, the 
second the most recent. 
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VIJ.32 High-frequency deafness 
In view of the selection criteria by means of which only pupils with a Fletcher 
Index of at least 35 dB were included, it is possible that several pupils with con-
siderable sensorineural high-tone loss did not meet this criterion and, as a result, 
have been left out of the study. 
An autosomal dominant form of sensorineural high-tone hearing impairment was 
only observed in one pupil (figure VI.7; audio 7). The Fletcher Index of this per-
son was 38 dB on both sides. No progression could be found in the tone 
audiograms of both himself and his brother over the last ten years. 
The pedigree is shown in Appendix 1-11. 
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Figure VI.7: Audiogram of a pupil with autosomal dominant form of high-frequen­
cy deafness. 
VI.3.4 Non-specific sensorineural hearing loss with an autosomal 
dominant mode of inheritance 
In our investigation an autosomal dominant form of hearing loss was found in 12 
of the 162 pupils (12/162 = 7%) without any further syndromal or audiometrie 
characteristics. 
Hearing loss in this group of 12 pupils varied from 35 - 60 dB Fletcher Index with 
an average value of 46 dB. The pedigrees of these 12 pupils are shown in Appen­
dix I; 12 to 23. In some of these pedigrees a father-son inheritance was observed, 
and therefore excludes an X-linked form of hearing loss . 
In this study (chapter IX) the subjects were also divided into bands of 10 dB in 
accordance with their audiograms and the etiologies in each group were compared 
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(tables IX.2 and IX.3). In this way a relationship was sought between the cause 
of hearing impairment and the degree of hearing loss. The results show that the 
autosomal dominant form of inheritance was present more frequently among the 
less severe hearing losses. This difference was statistically significant (figure 
IX. 1), when the dichotomy was made at 70 dB or at 80 dB (p<0 .05). 
VI.3.5 Discussion 
In diis study an autosomal dominant cause was found in 23 pupils (23/162 = 14%). 
This is comparable with previous studies by Ruben and Rozycki (1971), Fraser 
(1976) and Newton (1985). 
In none of the previous studies were the causes subdivided into categories accord­
ing to the degree of hearing loss: both hearing impaired and deaf pupils were in­
cluded. 
In our study the subjects were divided, depending on their audiograms, into bands 
of 10 dB and the etiologies in each group were compared. 
An autosomal dominant mode of inheritance was found more frequently among 
the less severe hearing disorders (Chapter IX). This difference was significant 
when the dichotomy was made at 70 dB or at 80 dB (ρ less than 0.05). This find­
ing has not been previously reported. Routine audiometrie examination of both 
parents was indispensable for finding autosomal dominant modes of inheritance. 
In this group of autosomal dominant inherited hearing disorders, an audiome-
trically recognizable type was found in 7 pupils. This emphasizes the importance 
of the role of the otolaryngologist in genetic counseling of the deaf. 
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VI.4 HETEROSOMAL RECESSIVE FORM OF HEARING 
IMPAIRMENT 
VI.4.1 Introduction 
Until recently, the heterosomal mode of inheritance of deafness, whether or not 
accompanied by syndromal symptoms, had only been described for the recessive 
form (Koningsmark and Gorlin 1976, Huizing 1980). 
This heterosomal recessive hereditary transmission could be established by means 
of family and family tree investigations to recognize syndromal symptoms 
(Koningsmark and Gorlin 1976; Bergsma 1979). 
VI.4.2 Present study 
In this study no form of heterosomal hereditary hearing impairment was found 
without syndromal symptoms. One pupil had a family history of X-linked mixed 
deafness syndrome with perilymphatic gusher during stapes surgery which has 
already been described previously (Cremers et al. 1983, case 2; Cremers and 
Huygen 1983, Cremers et al. 1985). Recently, the gene has been linked to PGK 
on the X-chromosome (Brunner et al. 1987; Brunner et al. 1988). 
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VLB HETEROSOMAL DOMINANT FORM OF HEARING 
IMPAIRMENT 
VI.5.1 Introduction 
This form of inherited hearing impairment can be established through a very 
elaborate study of the family and the family tree. Female patients are affected 
twice as frequently as male patients. They pass on the predisposition to half of 
their offspring. The male patients pass on the abnormality to all their daughters 
and none of their sons. 
VI.5.2 Alport's syndrome 
The inheritance of Alport's syndrome, progressive deafness with chronic 
nephritis, progressive kidney failure and hematuria, has been described by Mc-
Kusick as possibly being transmitted by heterosomal dominant, autosomal 
dominant and sporadically as autosomal recessive mechanisms (McKusick 1986). 
The heterosomal dominant mode of inheritance is said to be the most common 
(Hasstedt and Atkin 1983; Feingold et al. 1985; Schroder 1986). 
Recently, several researchers have been able to link the gene for Alport's 
syndrome to the sex chromosome between the DXS 3 locus and XAS (Menlove 
et al. 1985; Brunner et al. 1986). 
55 
VL5.3 Present study 
In this study, Alport's syndrome was found once in a boy of 17. 
At the age of three, the diagnosis was made after a renal biopsy on account of chronic 
nephritis. 
A year later progressive loss of hearing was diagnosed. At the moment the pupil has a 
hearing loss of 55 dB Fletcher Index in the right ear and is deaf in the left ear (figure 
VI.8). 
Maternal obstetric history and delivery were normal. His psychomotor development has 
been retarded because of the protracted illness. At the age of 16 he had his first kidney 
transplantation. 
Physical and ophthalmologic examination showed no other syndromal signs. Vestibular 
examination revealed a hyposensitive labyrinth of the left ear with a left-right difference 
of 57%. 
The parents as well as the two sibs had normal hearing, which was co nfirmed audiometri-
cally. The family history revealed no report of hearing impairment or kidney disease. 
In conclusion we may state that we have come across a sporadic case of Alport's 
syndrome (Schröder 1986 p. 154/fig. VII) the inheritance of which cannot be determined. 
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Figure VIS: Audiogram of a 17-year-old boy with Alport's syndrome 
1. age 4 years 
2. age 17 years 
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VI.6 HEREDITARY HEARING IMPAIRMENT WITH AN 
UNCLEAR MODE OF INHERITANCE 
VI.6.1 Introduction 
In a number of syndromes in which a hereditary etiology is suspected the mode 
of inheritance is still unclear. 
VI.6.2 Present study 
In this study a pupil with the Klippel-Feil syndrome, of which a multifactorial 
etiology is suspected, was classified under the group of unclear inheritance 
(Koningsmark and Gorlin 1976). The hearing loss in the Klippel-Feil syndrome 
could be of conductive, sensorineural or mixed type (van Rijn and Cremers 1988). 
Case 
Female born in 1962, with a stable asymmetric hearing loss, from a very early age. She 
was completely deaf on the right side with a mainly perceptive hearing loss of 35 dB 
Fletcher Index on the left side (figure VI.9). 
Her mother had biliary problems during the first trimester which were not treated. The 
remaining gestational period andparturition were normal and she was born at 40 weeks 
weighing 5 pounds. 
The peri and postnatal periods were normal. Examination revealed retrognathia, an 
elevated right shoulder and a short stocky neck. 
X-rays showed fused cervical vertebrae from СП to CV with an open arch abnormality. 
Laboratory tests, ophthalmologic and vestibular examinations were normal. 
The parents had normal hearing and genealogie examinations carried out up to and in­
cluding the 5th generation showed no consanguinity. 
A niece of the mother who underwent an intracranial operation in her early youth, be­
cause of meningo-encephalocele, had a symmetrical sensorineural hearing loss of 75 
dB Fletcher Index. Apartfrom this case, hearing impairment had not occurred in this 
family. The diagnosis of the Klippel-Feil syndrome was accepted, though the mode of 
inheritance is not clear. 
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Figure VI.9: Audiogram of a 15-year-old girl with the Klippel-Feil's syndrome 
V7.7 DISCUSSION 
In this study a hereditary cause could be accepted in 64 pupils (64/162=40%). In 
59%* of them (38/64=59%) no syndromal characteristics or audiometrically 
recognizable types of hearing loss could be found. Only by family histories, 
genealogie pedigrees and audiometrie examination of the parents could a 
hereditary cause be accepted. In this group of non-specific hearing losses with a 
hereditary cause, an autosomal recessive mode of inheritance occurred twice as 
frequently (26/64=41%)* as an autosomal dominant inherited disorder 
(12/64=19%)*. 
An audiometrically recognizable type of hereditary hearing loss was found more 
frequently in the autosomal dominant (7/23=30%)** than in the autosomal reces­
sive group (5/38=13%)***. The importance for otolaryngologists to be able to 
give genetic-counselling to the deaf is emphasized by these findings. 
Syndromal characteristics were found with equal frequency in autosomal reces­
sive (7/38=18%)*** and autosomal dominant disorders (4/23=17%)**. 
In three pupils a hereditary cause was accepted but the mode of inheritance 
however, remains unclear. 
Percentage of the total number of hereditary causes 
Percentage of the autosomal dominant causes 
Percentage of the autosomal recessive causes 
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Table V O : Hereditary causes of 64 out of 162 pupils at a school for the hearing 
impaired. 
Etiology 
Autosomal recessive 
- syndrctnal 
- audiometrically recognizable 
- non-specific 
Autosomal dominant 
- syndrctnal 
- audiometrically recognizable 
- non-specific 
Other inheritance 
- X-linked 
- unclear 
TOTAL 
mmtoer 
38 
7 
5 
26 
23 
4 
7 
12 
3 
1 
2 
64 
percentage1 
59 
11 
8 
41 
36 
6 
11 
19 
5 
2 
3 
100 
1) rounded percentages 
VII. ACQUIRED CAUSES 
VII. 1 INTRODUCTION AND RESULTS 
The acquired forms of deafness are discussed in the following order: 
П.2 Prenatal causes 
VII.3 Perinatal causes 
VII.4 Postnatal causes 
VII.5 Ototoxic medication 
VII.6 Chronic otitis media 
V1I.7 Discussion 
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In this study an acquired cause was accepted in 43 of the 162 pupils (43/162=27%) 
(table VILI). 
Table VILI: Causes of hearing loss in a study on 162 pupils at a school for the hear­
ing impaired. 
игюшаг 
AOQUIHED 
PRQWEAL 
. Rubella 
. Teratogenic medication 
. Kemicterus 
. Meningitis 
. Other perinatal causes 
РСЮТОШ Ь 
. Meningitis 
. Qircnic otitis media 
. Ototoxic medication 
. Measles 
HEREDnM» 
Autosomal recessive 
Autosomal dominant 
Inheritance unclear 
UNKNOWN 
lOTAL 
Number % 
11 7 
9 
2 
14 8 
10 
1 
3 
18 11 
8 
6 
3 
1 
38 23 
23 15 
3 2 
Total % 
43 27 
64 40 
55 34 
162 100 
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VII.2 PRENATALLY ACQUIRED CAUSES OF HEARING 
IMPAIRMENT 
VIL2.1 Introduction 
Prenatally acquired hearing impairment/deafness can be caused by maternal in-
fections, various disorders and medication which has been administered during 
pregnancy. 
It is not known to what extent maternal disease, without any transmission of pos-
sible infectious material to the fetus, plays a part. 
Iatrogenic hearing losses due to medication administered during pregnancy will 
be discussed in the section on ototoxic medication (VII.4). 
In 1974, prenatal infections which damage the fetus were combined under the 
term "Torch(-es)" syndrome by Nahmias. The following infections are included 
in this term: toxoplasma, rubella, cytomegalovirus, herpex simplex, syphilis and 
other infections which may present with similar clinical signs (Alpert and Plot-
kin 1986; Oranjeetal. 1986). 
Although many publications have been dedicated to this subject, serological in-
vestigation in particular has failed to produce sufficiently detailed information. 
As a result the prevalence is not yet exactly known (Leland et al. 1983). On the 
other hand, it is acknowledged that the cytomegalovirus plays by far the most im-
portant part (Alford and Pass 1981; Stagno et al. 1983; Alpert and Plotkin 1986). 
Within the framework of this study congenital rubella (VII.2.2), cytomegalovirus 
(VII.2.3) and syphilitic infections (V1I.2.4) will be described in more detail. 
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VII.2.2 Rubella 
П.2.2.1 Literature 
After a rubella infection in the second or third month of pregnancy, more than 
50% of the children bom from these pregnancies are deaf (Cooper et al. 1969; 
Miller et al. 1969; Bordley et al. 1972: Hardy 1973; Sheppard et al. 1977). Iso­
lated deafness occurs particularly as a result of infection after the second month 
of pregnancy (Miehlke 1967; Hardy et al. 1969; Newton 1985). but even during 
the last two months of pregnancy a hearing loss may occur (Bordley and Alford 
1970; Hardy 1973). A subclinical maternal rubella infection may also cause 
teratogenic effects (Karmody 1969; Bordley and Alford 1970; Hardy 1973). 
In 1941, the Australian ophthalmologist Sir Norman Gregg was the first to 
describe the teratogenic effects of rubella infection during pregnancy with 
reference to the rubella epidemic from 1939-1941. As an ophthalmologist he was 
struck by the high incidence of cataract, microphthalmus and retinopathy in par­
ticular. 
It was not until two years later that it was observed that a number of these children 
were also deaf (Swan et al. 1943). After this the term Congenital Rubella 
Syndrome (CRS) was introduced, having as a classical triad eye defects, deafness 
and cardiac abnormalities. 
The rubella epidemic of 1964 in the United States resulted in a large number of 
new patients. Other anomalies appeared to have been caused by a rubella infec­
tion during pregnancy, for which the term "extensive congenital rubella 
syndrome" was used (Ray 1980; Alford and Griffiths 1983; Regenbogen and Cos­
cas 1985). 
The earlier the infection manifests itself during pregnancy (2nd - 3rd month) the 
more serious the teratogenic effects usually are. As a result, the anomalies occur 
more frequently in combination with one another (Upfold 1970; Gumpel et al. 
1971; Peckham 1972; Alford and Griffiths 1983). 
Retrospective studies on the causes of deafness in the young child report rubella 
as the cause in 5% to 19% of cases (table П.2.1). 
A possible explanation for this variation may well be the fact that the study group 
was bom in a period which coincided with a rubella epidemic (Karmody 1969; 
Upfold 1970). 
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Table VII.2.1: Deafness in relation to rubella 
Author 
Taylor et al. 1975 
Fraser 1976 
Cremers 1978 
Kankkunen 1982 
Parving 1984 
Janzen and Schaefer 1984 
Newton 1985 
Holten and Parving 1985 
Population 
Number 
86 
2355 
60 
179 
117 
176 
111 
94 
Rubella 
Number 
7 
143 
3 
8 
22 
33 
12 
14 
Percentage 
8 
6 
Ь 
b 
19 
19 
31 
15 
VII.2.2.2 Diagnosis 
In a retrospective study like the present one, deafness occurring in isolation, 
with a history of maternal rubella contact but no clinically recognizable infec­
tion, is insufficient by itself to come to the diagnosis of congenital rubella. 
When a rash is mentioned in the obstetric history, the diagnosis of congenital 
rubella syndrome is suspected. When a serological examination during pregnan­
cy shows an increase in the rubella-titer the diagnosis is clear. Pigment abnor­
malities observed during eye tests may be an important sign that a viral 
embryopathy has been experienced. In the congenital rubella syndrome this is 
often referred to as a "pepper-salt" aspect. An electro-oculogram and 
electroretinogram should then exclude a form of tapetoretinal degeneration. 
One of the reasons for carrying out ophthalmologic examination on the whole 
study population was to be able to detect rubella embryopathies which had passed 
off silently as well as to confirm other data indicating rubella embryopathy. 
Serological tests directed towards rubella in the young deaf child have not often 
been conducted systematically in the past, although a positive titer for the fourth 
year is an exception (5-10%) (Gumpel et al. 1971; Alford and Griffiths 1983; 
Peckham 1979). 
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A difference in point of view seems to exist about the age at which seropositivity 
for rubella can be considered as evidence for the hearing loss (Gumpel et al. 1971 ; 
Peckham 1979; Parving et al. 1980; Alford and Griffiths 1983; Wezel-Meijler et 
al. 1986). 
VII.2.2.3 Effect of immunization 
In 1974 a vaccination program against rubella in 11-year-old girls was set up in 
the Netherlands. 
Our study population, bom between January 1,1960 and December 31,1975 did 
not have any protection from this immunization during their own embryonal 
period. 
In the meantime it has become clear that not all 11-year-old girls were reached 
by this program. At the same time, the rubella virus is still active in the popula-
tion, as young children (under the age of 11) and others are still susceptible to the 
virus. Thus the effectiveness of this vaccination is not optimal. As a result, a new 
vaccination program was started in the Netherlands in 1987, in which boys and 
girls were vaccinated at the age of one year. In this way, not only a higher per-
centage of girls could be vaccinated, but also a higher percentage of the total 
population could be reached and a small percentage of non-immunized people 
could be protected as well (v.d. Veen 1984). It is to be hoped that rubella 
embryopathy will disappear completely in the Netherlands, also among the im-
migrant population. 
At the moment, combatting rubella is one of the most important possibilities for 
the prevention of deafness and visual impairment in young children in the Nether-
lands. 
Because of the mainly retrospective character of the studies which have been con-
ducted during the last two decades (an overview is given in table VII.2.1), a true 
decrease in the frequency of deafness caused by the congenital rubella syndrome 
could not be observed. In some recent studies, however, a strong decrease has 
been observed (Upfold 1984; Brown 1986). 
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VIL2.2.4 Present study 
In this study the hearing loss in 9 of the 162 pupils (9/162=6%) could be explained 
by a maternal rubella infection during pregnancy (table VII.2.2). Anamnestical-
ly, a rash was reported during the first three months of pregnancy in 7 of these 9 
pupils (B to H). 
It is remarkable that in only one case the diagnosis was confirmed by means of a 
serological test carried out during pregnancy (case G). In another case (H) 
seropositivity for rubella was confirmed at the age of three. In the case of 3 pupils 
(D, E and F), a rubella infection was denied by the general practitioner (GP) 
without any further serological tests, in spite of specific questioning by the parents 
during pregnancy. 
For patient B, the diagnosis was made on the basis of the characteristic history 
and the GP had no doubt that the mother has been affected by a rubella infection 
(Cremers 1976 case 22). 
For two patients (A and I) the diagnosis could only be made on the basis of dis-
orders found during ophthalmologic examination. 
For the other patients(C to H) the diagnosis was made on the basis of the obstetric 
history as well as ophthalmologic findings. 
In all 9 pupils with hearing loss caused by maternal rubella, the visual function 
was normal. This can be explained by the fact that the multiply handicapped hear-
ing impaired are usually referred to other special institutes in the Netherlands. 
An audiometrically recognizable type of hearing loss could not be found among 
these 9 pupils (fig. VILI). The average hearing loss was 78 dB Fletcher Index. 
VIL2.2.5 Discussion 
In this investigation, rubella was diagnosed as the cause of hearing loss in 9 of 
the 162 pupils (9/162=6%). History and ophthalmologic data were the most im-
portant indicators. It is remarkable that the diagnosis was made by means of 
serological tests during pregnancy for only one patient. 
It is to be expected that in future, the percentage will decrease further as a result 
of immunization programs. 
ΤΛΙβ VII.2.2: Hearing loss due to maternal rubella. 
A 
θ 
С 
0 
E 
F 
G 
H 
I 
se*1 
M 
F 
M 
F 
F 
H 
M 
F 
F 
birth 
date2 
09-'60 
Ю-'бЗ 
10-'66 
07-'68 
П-'бВ 
03-'69 
01-'73 
О!.-'73 
11-'73 
child 
number 
1 
1 
3 
1 
2 
2 
1 
2 
1 
Pregnancy 
Rubella 
contact3 
-
3 
-
-
first 
weeks 
-
-
9 
-
resh3 
-
6 
6 
β 
8 
8 
7 
14 
-
medication 
-
-
-
anti­
globulin 
-
_ 
anti 
globulin 
-
Serology 
-
-
-
-
-
-
positive 
1:236 
positive 
1:12B* 
-
Birth 
weight 
(gram) 
9 
2700 
1970 
2500 
2330 
2500 
3130 
2450 
3250 
Gest. 
aqe* 
(weeks) 
A.T. 
36 
A.T. 
36 
36 
A.T. 
A.T. 
41 
A.T. 
Ρ 
6 
7 
Ρ 50 
P23 
P50 
P25 
PIO 
P50 
P23 
P75 
Deve-
lop-
ment? 
S 
N 
L 
L 
L 
L 
L 
N 
N 
Hear in< 
Detec­
tion aqe 
(month) 
24 
5 
a 
18 
β 
24 
6 
6 
24 
Loss 
Fletcher 
Index 
(dB) 
70 
113 
47 
105 
80 
50 
93 
80 
65 
Eye 
fundusB 
piqm. 
normal 
pigm. 
piqm. 
piqm. 
piqm. 
piqm. 
piqm. 
pi gm. 
Heart9 
N 
N 
Ь 
N 
S 
Ν 
Ν 
Ν 
Ν 
EOG 
ERG10 
N.N 
N.N 
N.N 
N.N 
N.N 
N.N 
N.N 
N.N 
ENG" 
hypo 
--
hyppi 
N 
hypo 
hypo 
hypo 
N 
hypo'^ 
1: Sex M = Male F = Female; 2: Birth-date: month-year; 3: Week of gestation; 4: At age of 3 years; 5: A.T = A.term; 
6: Ρ = Percentile (Kloosterman 1983); 7: Development: N = Normal, L r Later or slightly retarded; 8: piqm. = pigment abnormality 
9: N = Normal, S s transient souffle; 10: N.N = Normal findings at EOG and ERG; 11: Hypo s hyporeactive, Hyper = hyperreactive; 
12: Latent fixation nystagmus. 
FIGURE 7.1 HEARING LOSS OF 9 CASES ( A TO I ) DUE TO RUBELLA EMBRYOPATHY 
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VII.2.3 Cytomegalovirus infections 
VIL2.3.1 Literature 
The cytomegalovirus, which originates from the group of herpes viruses, is the 
most frequent pathogen in congenital viral infections. The virus can be cultivated 
in 0.4% to 2.3% of all new born babies ( Alford and Pass 1981 ; Stagno et al. 1983). 
Dining pregnancy, a primary infection as well as a reinfection may manifest it-
self. In the case of reinfection, the latent virus is reactivated during pregnancy 
through unknown causes. In cases of primary infection during pregnancy, the fetus 
also becomes infected in 20% to 50% of cases (Stern and Elek 1965 and Grant et 
al. 1981). 
The infection does not cause any symptoms during pregnancy and it is not yet 
known when this takes place and at what stage of embryonic development it is 
the most harmful (Eichom 1982; Griffiths 1983). Reinfection is an even less fre-
quently encountered cause of symptomatology and complications. An explana-
tion may be found in its low virulence (Stagno et al. 1982). 
Transmission of the cytomegalovirus can take place in a vertical as well as in a 
horizontal direction (Tobin 1979; Strauss 1985). Transmission through exchange 
transfusion for hyperbilirubinemia is also possible (Yeager 1974; Granström et 
al. 1977). 
Congenital cytomegalovirus infections are clinically recognizable as Cytomegalic 
Inclusion Disease (CID). CID is characterized by a low birth weight, premature 
birth, microcephaly, chorioretinitis, icterus, petechiae, purpura and 
hepatosplenomegaly in only 5% of the cases. 
Another 5% only have a few of the above-mentioned features, for which the diag-
nosis congenital cytomegalovirus infection is, as a rule, not made. 
In 90% of the cases, the infection does not show any clinically recognizable 
symptoms (Griffiths 1983; Stagno et al. 1983). 
A cytomegalovirus infection, which has had an asymptomatic course, may also 
cause permanent symptoms, including deafness. If one wishes to demonstrate that 
the cytomegalovirus infection is the cause of the defect, the virus should be cul-
tivated especially in the first few weeks of life, because the chance of postnatal-
ly acquired infection increases quickly in the ensuing months (Stem and Elek 
1965; Krech 1973; Griffiths 1983). The damage caused by a congenital 
cytomegalovirus infection mostly affects the central nervous system. 
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The most elaborately described anomalies are sensorineural hearing losses, 
chorioretinitis, neuromuscular disorders, psychomotor retardation, microcephaly 
and dental abnormalities. The defects occur more frequently with symptomatic 
CID than with the asymptomatic form (Stagno et al. 1983). The frequency with 
which hearing losses have been described in studies in the literature shows great 
variability because of the small number (table VII.2.3). 
Hearing disorders can also manifest themselves as the only defect after a congeni-
tal cytomegalovirus infection. After the symptomatic form (CID), hearing impair-
ment is the most frequent abnormality. However, the difference between the 
symptomatic and the asymptomatic form is less than various authors have reported 
(Stagno et al. 1983). 
A unilateral hearing loss has been reported twice (Dalile et al. 1974; Stagno et al. 
1977). The hearing loss may show a strongly progressive course in the first few 
years of life, forming all the more reason why in those cases 
audiometrie check-ups are recommended until at least after the sixth birthday 
(Stagno et al. 1977; Williamson et al. 1982; MacDonald and Tobin 1978; Strauss 
1985). 
As the diagnosis "Congenital cytomegalovirus infection" can only be made with 
certainty in the first few weeks of life this cannot be diagnosed as the cause of the 
hearing loss in retrospective studies. 
Newton (1985) and Pappas (1983) reported a percentage of 3 and 7%, respecti-
vely, but at the same time the diagnosis could not be made for all hearing impaired 
in the first few weeks. 
VII.2.3.2 Present study 
In view of the retrospective nature of the present study, the diagnosis congenital 
cytomegalovirus infection could not be demonstrated, because the necessary 
serological investigations had not been conducted. 
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Table VII.2.3: I I e a r i në los's ( н ^ ) i n survivors of sympmmatic and asymptomatic con­
genital cytomegalovirus infection 
Author 
McGracken et al. 1969 
Dahle et al. 1974 
Hanshaw et al. 1976 
Stagno et al. 1977 
MacDonald and Tobin 1978 
Pass et al. 1980 
Saiga! et al. 1982 
Williaïnson et al. 1982 
Strauss 1985 
TOTAL 
Synptomatic (CTD) 
A 
number 
15 
8 
47 
23 
4 
17 
6 
120 
В 
HL 
4 
3 
4 
7 
1 
11 
3 
33 
(%) 
27 
38 
9 
30 
25 
65 
50 
28 
Asynptcmatic 
A 
number 
18 
40 
51 
37 
37 
5 
188 
В 
HL 
9 
5 
7 
1 
5 
0 
27 
(%) 
50 
13 
14 
3 
14 
14 
VIIJ.3.3 Discussion 
At the moment, congenital cytomegalovirus infection is considered to be one of 
the most frequent prenatal infections. 
The infection usually has a subclinical or atypical course, therefore it is only 
noticed sporadically. The symptomatic as well as the asymptomatic form may 
cause hearing loss. 
Congenital cytomegalovirus infections are an unmistakably important cause of 
hearing disorders. As serological tests can only diagnose congenital 
cytomegalovirus at a very early stage, most cases remain undetected. It is pos­
sible that some of the cases of hearing impairment in our study population were 
due to a cytomegalovirus infection. 
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VII.2.4 Congenital syphilis 
VIL2.4J Literature 
Congenital as well as acquired syphilitic infections may cause (progressive) sen-
sorineural hearing losses. 
Congenital syphilitic infection manifests itself inside the uterus after transplacen-
tal transmission of the pathogen Treponema pallidum during the 2nd half of preg-
nancy (Ingall and Norins 1976). In the Netherlands, the incidence is low. 
Grossman (1977) calculated that in the United States, the incidence was 0.3 per 
100,000 live births. 
Zoller et al. (1978) found a positive syphilis serology in 20 pupils (6.5%) out of 
a group of 306 hearing impaired which differed significantly from those in the 
control group. A congenital syphilitic infection may manifest itself before the age 
of two in the form of a severe infection with a dangerous and fulminant course, 
or as a late form with various symptoms which usually manifest themselves be-
tween the age of 10 and 30. The triad of dental abnormalities, interstitial keratitis 
and deafness, described by Hutchinson in 1863, is uncommon. 
Interstitial keratitis by itself is caused by a syphilitic infection in 90% of the cases. 
In 87% of the cases a congenital infection is involved and in 3% an infection 
which has been acquired at a later stage. However, interstitial keratitis is only 
found in 40% of the cases after congenital syphilitic infections (Schaffer 1981; 
Regenbogen and Coscas 1985). 
Syphilitic eye disease may be associated with deafness; the former usually 
manifests itself earlier (Dalsgaard-Nielsen 1938). 
Hearing loss is of the sensorineural type and is progressive in most cases. 
Late congenital syphilis may also manifest itself as "sudden deafness". It is im-
portant to detect the sudden occurrence of a hearing loss caused by syphilitic in-
fections, because the hearing can improve after adequate antibiotic therapy 
(Balkany and Dans 1978; Zoller et al. 1979; Saltiel et al. 1983; Feldman 1986). 
Clinically, the otologic symptoms of congenital syphilis may bear a resemblance 
to Meniere's disease. Endolymphatic hydrops may occur as well, possibly caused 
by obliteration of the endolymphatic duct (Shambaugh 1975; Paparella et al. 
1980). Treponema pallidum has been found by various authors in the labyrinth 
(Mack et al. 1969; Wiet and Milko 1975; Linthicum and El-Rahman 1987). 
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V1L2.4.2 Present study 
Serological diagnostics for syphilitic infections differ depending on the stage one 
wishes to detect (Veldkamp 1977). All our pupils were screened by means of the 
treponema pallidum hemagglutination test, after which further diagnosis could 
take place on medical grounds. 
None of the study group showed a positive reaction. The ophthalmologic examina-
tions did not show interstitial keratitis in any of the pupils. 
VII.2.4.3 Discussion 
In this study congenital syphilis was not found to be the cause of any of the cases 
of hearing loss. In the literature it also turns out to be rare (Chapter II). 
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ІІ.З PERINA TALLY A CQUIRED CA USES OF HEARING 
IMPAIRMENT 
During the perinatal period, various events may occur which are harmful to the 
central nervous system. 
The most important conditions which may cause hearing disorders are jaundice 
(hyperbilirubinemia), neonatal meningitis, ototoxic medication and lack of 
oxygen (hypoxia). Neonatal meningitis and ototoxic medication will be discussed 
later (Chapter VII.4 and VII.5). 
Peri and intraventricular hemorrhage in premature babies have been mentioned 
in previous publications as causes of hearing disorders, but detailed information 
is lacking (Papile et al. 1983; Williamsen et al. 1983; Bor 1986). 
Hypoxia (VII.3.1) and hyperbilirubinemia (VII.3.2) will be discussed succes­
sively as causes of hearing impairment/deafness. 
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VIU.l Hypoxia 
VII.3.1.1 Introduction 
There are no fixed criteria on the basis of which the diagnosis of hypoxia can be 
made. Usually this term is used in the neonatal period when the newborn fails to 
establish spontaneous regular breathing. 
If the hypoxic state remains for a significant period of time, it may cause cerebral 
damage, which is manifested by mental retardation, neuromuscular disorders and 
hearing disorders. 
In order to be able to establish the relationship between hypoxia and cerebral 
damage more clearly, the hypoxic state is described in more detail by means of 
Apgar scores and biochemical and blood gas analyses. The Apgar scores, which 
are for the greater part determined subjectively, seem to correlate badly with the 
occurrence of residual neurological symptoms (Thiringer et al. 1984; Dijxhoom 
1986). 
In 1982 the American Academy of Pediatrics revised some points in the criteria 
of risks for hearing disorders in children (table VII.3.1). It is important that only 
a period of severe hypoxia can be considered to be a possible cause of hearing 
loss. 
Table И.3.1 Criteria for risks of hearing disorders; American Academy of 
Pediatrics (1982). 
1. Family history of childhood hearing impairment 
2. Congenital perinatal infection (e.g. cytcinegalovirus, rubella, herpes, 
toxoplasma, syphilis) 
3. Anatomic malformations involving the head or neck (e.g. dysmorphic 
appearance, including syndrcmal and non-syndrcmal abnormalities, overt 
or submucous cleft palate, morphologic abnormalities of the pinna) 
4. Birth weight less than 1500 grams 
5. Hyperbilirubinemia at a level exceeding indications for exchange 
transfusion 
6. Bacterial roenirejitis, especially Haemophilus influenzae 
7. Severe asphyxia which may include infants with Apgar scores of 0 to 3 
or who fail to institute spontaneous respiration within 10 minutes and 
those with hypotonia persisting for 2 hours after birth 
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VII.3.1.2 Hearing disorders 
Hearing disorders caused by hypoxia may occur in an isolated form as well as in 
combination with other cerebral functional disorders, 
After a period of serious hypoxia, hearing disorders manifest themselves with a 
frequency of 1 to 5% (table VII.3.2). 
It is particularly difficult to ascribe the hearing disorder merely to the hypoxic 
period which the patient has gone through, because there are often other factors 
which are potentially damaging to the power of hearing (Steiner and Neligan 
1975; Simmonds 1980; Nelson and Ellenberg 1981; D'Souza et al. 1981). 
Neurologic functional disorders, including hearing loss, are assumed to occur 
more frequently in the newborn with an extremely low birth weight (Clarke and 
Conry 1978; Abramovich et al. 1979; Simmonds 1980; Fitzhardinge and Pape 
1981 ; Stewart et al. 1981 ; Anagnostakis et al. 1982; Kitchen et al. 1984; Thiringer 
et al. 1984; Bergman et al. 1985; Duara et al. 1986). 
If at the same time the newborn had neonatal convulsions, the frequency of hear-
ing disorders can even amount to 28% (Bergman et al. 1985). 
In various investigations on the causes of hearing impairment/deafness, the fre-
quency of hypoxia as the cause is reported as lying between 1 % and 5% (table 
VII.3.3). 
Criteria for the diagnosis hypoxia have only been mentioned in some studies 
(Chapter II). In the majority of cases these criteria appear to have been taken in 
too broad a perspective according to the present points of view, as a result of which 
the actual percentage will probably be lower than has been reported in the above-
mentioned studies. 
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Table VII.3.2: Survivors of severe hypoxia with a hearing loss 
Author 
Brown et al. 1974 
Steiner and Neligan 1975 
Scott 1976 
Itctoson et ad. 1977 
Nelson and Ellenberg 1981 
D'Souza et al. 1981 
Koppe and Kleiverda 1984 
TOTAL 
A 
number 
74 
22 
23 
31 
84 
26 
40 
300 
В 
hearing loss 
1 
1 
-
1 
3 
1 
-
7 
B/h 
% 
1 
5 
• 
3 
4 
4 
• 
2.3 
Table VIL3.3: Hearing loss (HL) due to hypoxia 
Author 
Maran 1966 
Fraser 1976 
Cremers 1976 
Kankkunen 1982 
Feirmesser et al. 1982 
Pappas 1983a 
Parving 1984 
'lUIAL 
A 
Papulation 
пшЬег 
747 
3460 
60 
179 
69 
109 
117 
4741 
В 
HL due to 
hypoxia 
23 
70 
0 
2 
1 
3 
6 
105 
B/A 
% 
3.1 
2.0 
1.1 
1.4 
2.7 
5.1 
2.2 
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VII3.1J Present study 
In the 162 pupils who were examined, the hearing loss was ascribed to the penna-
tal problems only three times (2%). Their case reports (case 1-3) are presented 
below 
Case I 
Male born m 1963 He was 6 years old when a hearing loss was confirmed It was a mid-
frequency deafness of 50 dB Fletcher Index, bilaterally (figure Vii 2, audio 1) 
He и αν his mother' ç tfurdpregnancy, the third trimester of which was complicated by 
hypertension, controlled by the obstetrician 
The birth was 8 weeks premature, complicated by a partial separation of the placenta 
The baby weighed 1680 grams He sufferedfrom hypoxia with reduced left sided breath-
ing sounds Penicillin and Streptomycin were gnen 
The skin colour remained grey and slightly icteric Repeated cultures of cerebro spinal 
fluid were negative Motor development was slightly retarded At the age of 4 years he 
sufferedfrom mumps meningitis, confirmed by laboratory tests for parotiti ν The mumps 
meningitis was treated with streptomycin (10 days - 800 mgr), penicillin (10 days -1600 
mgr) and tn-sulpha (10 days - 4 gr) 
Physical, ophthalmologic, laboratory and vestibular examinations were normal, both in 
the past and during this study His parents had normal hearing and the family history 
revealed no abnormalities Consanguinity between the parents could not be found 
There is sufficient evidence for accepting an acquired cause of the hearing loss e g the 
perinatal problems, mumps meningitis and streptomycin administration The hearing 
loss was confirmed at the age of 6 years, but careful questioning revealed that it was 
suspected before the meningitis Therefore a perinatal cause was accepted 
Case II 
Female born in 1966 The hearing loss, noted at the age of 15 years was 63 dB on the 
right side and 60 dB on the left side (figure VII 2, audio 2) She was her mother's third 
pregnancy, which was completely uneventful The delivery took place one week post 
term During the first stage of labor the fetal heart rate was regular, at 120-130 beats 
per minute (bpm) After 20 minutes of active labor the rate became irregular and the 
frequency decreased toSObpm Because labor failed to proceed, outside pressure was 
given The fetal heart rate decreased to 60 bpm and remained irregular After a for­
ceps extraction a hypoxic girl was born, weighing 2500 grams There was no spon­
taneous respiration and the child was very hypotonic Resuscitation, including respira­
tion and cardiac massage, was carried out for at least 10 minutes After that the child 
was normotomc, had active movements and cried Two days after birth she sufferedfrom 
convulsions with hypoxia Anticonvulsants were given The colour of the skin remained 
pale and gray for some time In total she was nursed in a incubator for 12 days 
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Three weeL· after birth, an EEG revealed dysrhythmic abnormalities, characteristic of 
neonatal convulsions. 
Psychomotor development was normal, however, she suffered from speech and hearing 
disorders. Physical, ophthalmologic, vestibular and laboratory examinations revealed 
no abnormalities. 
The parents had normal hearing and the family history was unremarkable. 
Because of the perinatal problems an acquired cause was accepted. The downward slope 
of the audiogram is compatible with such a cause. 
Caselli 
Male bom in 1974. The hearing loss, noted at the age of3 was slightly asymmetrical; 
48 dB on the right side and 60 dB on the leftside (Fletcher Index) (figure П.2; audio 
3). He was his mother's first pregnancy, which was complicated by hypertension con­
trolled by an obstetrician. 
After an uneventful delivery a hypoxic boy was born weighing 2400 grams. During the 
next 5 days he was nursedin an incubator withsuppiementary oxygen. During that period 
he suffered from convulsions. Further details are not available. 
A ne uro-pediatric examination at the age of 6 years revealed a balance disorder, mul­
tiple synkinesis, weakness of concentration and dyspraxia. Physical examination 
revealed no syndromal characteristics. Ophthalmologic, vestibular and laboratory ex­
aminations revealed no abnormalities. The parents had normal hearing and the family 
history revealed no abnormalities. Consanguinity between the parents could not be found 
within 7 generations. 
An acquired cause of hearing loss was accepted because, apart from the perinatal 
problems, no other causes could be found. The downward slope of the audiogram is com­
patible with that. 
Furthermore the perinatal history in 6 pupils (4%) gave some indication that 
hypoxia had occurred, however, the evidence was to weak to ascribe the hearing 
loss to it. They have been classified under the group of unknown etiology together 
with 7 pupils (4%) who had evidence of both perinatal and hereditary problems. 
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Figure VH.2: Audiograms of 3 pupils in whom an acquired cause was accepted. The 
cause of the hearing loss was attributed to the problems in the perina­
tal period c.q. hypoxia 
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7.3.1.4 Discussion 
In this study hypoxia as a cause of the hearing disorders has been assumed in 2% 
of the cases. This is similar to the frequency found in the literature (table VII.3.2). 
Yet definite proof is hard to give because detailed data of the perinatal period are 
often lacking and, what is more important, the hearing loss can be caused by many 
other factors. 
It is advisable to follow a group of high-risk patients whose perinatal data have 
been recorded in detail prospectively, with the help of high-frequency audiometry. 
This should be done to gain more insight into the various perinatal causes of hear-
ing disorders and their correlation. 
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VII.3.2 Kernicterus 
VII.3.2.1 Literature 
It has been common knowledge for almost a century and a half that jaundice of 
the newborn may cause cerebral damage: in particular the basal ganglia are af­
fected characteristically (Hervieux 1847; Orth 1875). 
Schmorl (1904) introduced the term kernicterus when describing the yellow basal 
ganglia observed at autopsy, which occurred after fetomatemal iso-immunization. 
Later the term was used for a fatal clinical neonatal state with an increased 
bilirubin concentration, convulsions, opisthotonos and an increased tendency to 
bleed. 
A century later, Coquet (1944) was the first to observe that hearing loss and dis­
orders of eye movements occurred frequently in patients with kernicterus. 
The classic neurologic defects which may manifest themselves after a period of 
kernicterus are the following: choreoathetosis, asymmetrical spasticity, disturbed 
eye movements and sensorineural hearing loss (50%). Hearing loss can be an iso­
lated finding (Hyman et al. 1969: Regenbogen and Coscas 1985). 
Icterus neonatorum is caused mainly by Rh-incompatibility in rhesus negative 
mothers (80-90%) and less frequently in ABO incompatibility between mother 
and child (Johnston et al. 1967). 
In the last few years, the incidence of Rh-incompatibility has been decreased con­
siderably by giving Rh-immunoglobulin to every Rhesus negative mother after 
the delivery of a Rhesus positive child. 
Consequently, the incidence in the Netherlands has decreased from 3.5% in 1969 
to 0.5% in 1985. There are 150-200 new cases of Rhesus-immunization in the 
Netherlands each year (Bennebroek Gravenhorst and Kanhai 1986). 
Immunization can take place via a fetomatemal transfusion, which occurs in at 
least 75% of childbirths, or during pregnancy which occurs in 14% of the cases. 
Immunization can also occur in the case of an abortion (spontaneous or induced) 
or when blood transfusions are administered. This could be an explanation for the 
fact that Rh-incompatibility can produce kernicterus in the first bom. 
If hyperbilirubinemia manifests itself, then this may be harmful to the child be­
cause unconjugated bilirubin can cross the blood-brain barrier. It has been general­
ly accepted that this harmful effect occurs at a bilirubin concentration of more 
than 20 mg% (mg/dl) or 340 μηηοΐ/ΐ. If this concentration of bilirubin is reached, 
a replacement transfusion is usually given with blood containing compatible 
rhesus D negative donor erythrocytes. 
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Investigation has shown that the serum bilirubin estimation is not completely reli­
able and that there is considerable variation especially at higher concentrations. 
Thus, a concentration of bilirubin determined to be 18 mg% (300 μττιо 1/1) ap­
pears to vary between 11 and 24 mg% (187-408 μιηοΐ/ΐ) (Schreiner and Click 
1982; Lucey 1982). Lucey (1982) even goes one step further and claims that the 
old studies on the harmful effects of bilirubin are of very little value in the light 
of present knowledge, especially where the determination of borderline values 
are concerned. 
From a prognostic point of view, there is also little sense in determining the free 
bilirubin fraction (Ritter et al. 1982). 
In order to be able to prevent a replacement transfusion, phototherapy is carried 
out first during which unconjugated bilirubin molecules are converted into harm­
less water-soluble bilirubin isomers (photo-bilirubin) (McDonagh 1981). In order 
to do this adequate hepatic and intestinal function is indispensable, otherwise the 
desired effect via the enterohepatic cycle appears to be too small (Davis et al. 
1981). 
The problem of kemicterus is even more complicated as autopsy studies have 
shown that cerebral damage, caused by bilirubin, can occur at a much lower 
bilirubin value than has previously been assumed. In most cases the diagnosis of 
kemicterus had not been made and the bilirubin values which were checked 
retrospectively were below the "safe level" of 20 mg% (340 цтоІД) (Gartner et 
al. 1970; Kim et al. 1980; Türkei et al. 1980, Cashore and Oh 1982; Ritter et al. 
1982; Ahdab-Barmada and Moossy 1984). 
As Hansen and Bratlid (1986) have reported in a general article, bilirubin en-
cephalopathy may be caused by various mechanisms (figure VII.3). 
At a bilirubin concentration of 310 ¡imotyl (18 mg%) and an albumin concentra-
tion of 400 μιηοΐ/ΐ, the free bilirubin concentration amounts to 50 цтоі/і (2.9 
mg%). 
Broderson (1977) indicated in his article that bilirubin encephalopathy can occur 
at this concentration, assuming that the toxic effect is caused by the free bilirubin 
fraction and that only unconjugated lipophile bilirubin can pass the blood-brain 
barrier. 
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Figure ПЗ; Transport of bilirubin into the brain (Hansen and Bratlid 1986) 
Reprinted with permission of Acta Pediatr. Scand. 
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This possibility is the first to be mentioned in figure VI1.3 and can explain the clas­
sic kemicterus at an increased concentration of bilirubin. 
However, bilirubin encephalopathy can manifest itself at much lower bilirubin con­
centrations, especially in premature babies who are in a poor clinical condition. 
This may be explained by a reduced bilirubin-binding capacity to albumin and an 
increased passive passage of molecular substances through the blood-brain bar­
rier (figure VII.3). 
Bilirubin-albumin binding depends on the concentration of bilirubin, gestational 
age and clinical condition (Cashore 1980). 
Especially premature babies who have gone through perinatal complications show 
a greatly reduced albumin-bilirubin binding capacity of less than 50% in addition 
to which the bilirubin is bound to the weaker "secondary binding sites". Various 
medications may also have a negative effect on the bilirubin-albumin binding 
capacity. 
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The blood-brain barrier can be damaged reversibly by hypercapnia (Bratlid et al. 
1984) hyperosmolarity (Bratlid et al. 1983; Levine et al. 1982), hypoxia and hy­
pertension (Rapoport 1978) and possibly also by hyperthermia and sepsis (Levine 
1983). 
Bratlid's discovery was remarkable because although metabolic acidosis does not 
cause any change in the permeability of the blood-brain barrier, respiratory 
acidosis increases its permeability (Bratlid et al. 1984). Because of this it is sug­
gested that the administration of oxygen to neonates should be done at the ear­
liest possible stage. 
VH.3.2.2 Hearing disorders 
It has been suggested in the literature that hearing loss caused by kemicterus 
shows a characteristic pattern (Crabtree and Gerrard 1950; Fisch 1955; Carhart 
1967). 
Carhart has described 3 levels which can be recognized on the audiogram (figure 
VII.4). 
1. a plateau of good heanng at the low frequencies 
2. sharp decline between the frequencies 500-2000 Hz. 
3. a plateau of severe hearing loss at die higher frequencies. 
This characteristic pattern cannot always be recognized at a later date in hearing-
impaired people who have suffered from icterus neonatorum. 
On the other hand, most authors indicate that the audiogram shows a downward 
tendency. 
І 125 2SO 500 1000 1000 40OO «000 
Figure П.4: Audiogram typical of kemicterus (after Carhart 1967). Reprinted with 
permission of Acta Otolaryngol. Suppl. 221 
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Autopsy studies have frequently shown the lesion to be localized in the auditory 
nuclei and, in some cases, the auditory nerve appears to have been affected 
(Gartner et al. 1970; Kim et al. 1980; Türkei et al. 1980. Ritter et al. 1982; Ahdab-
Barmada and Moossy 1984). 
In a case description Dublin (1974) reported that the lesion is mainly localized in 
the superior ventral nucleus, which, by means of a tonotopic hypothesis, could 
explain the characteristic shape of the audiogram. 
Almost all researchers report that the hair cells have not been damaged and from 
investigations using "brain stem auditory evoked potentials" (BAEP) and 
electrocochleography, they still appear to be functional in view of the presence 
of the cochlear microphonic potential. 
When examining hypcrbilirubinemic newborn babies using BAEP, a hearing dis-
order can often be observed which is reversible after therapy (Phototherapy/re-
placement transfusion) (Nakamura et al. 1985; Wennberg et al. 1982). 
It is assumed that without therapy the defect deteriorates and results in a permanent 
hearing loss. 
The incidence of hearing loss as a result of icterus neonatorum has been reported 
in varying degrees in retrospective studies. In view of the recently changed 
opinions on the pathophysiological mechanism of bilirubin encephalopathy, the 
results of these studies should be regarded with some scepticism (Lucey 1982). 
In two prospective studies on neonatal hyperbilirubinemia, an incidence of 5% 
hearing loss was found (Johnston et al. 1967; Keaster et al. 1969). However, in 
both studies streptomycin medication had been administered in a number of cases 
because of perinatal problems. 
In retrospective studies the percentage has been reported to be between 2.5 and 
17%, sometimes in combination with other perinatal problems (table VII.3.4). 
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Table VII.3.4: Percentage of icterus as the cause of deafness in retrospective studies 
Author 
Huizing 1970 
Taylor et al. 1975 
Cremers 1978 
Fisch 1976 
Fraser 3976 
Karikkunen 1982 
Parvinq 1984 
Newton 1985 
Population 
number 
100 
86 
60 
600 
2355 
179 
117 
111 
Hearing 
loss 
dB 
hearing 
inpaired 
deaf 
deaf 
deaf 
deaf 
> 25 
> 35 
> 25 
Icterus 
% 
7 
19 
15 
10 
2.5% 
1 
• 
• 
Perinatal 
icterus + 
hypoxia % 
16 
34 
23 
6.5 
2 
14 
14 
VH.3.2.3 Present study 
In the present study the bilirubin values were reconsidered retrospectively after 
having obtained new insights into bilirubin encephalopathy at low serum bilirubin 
values. 
If during the neonatal period, hyperbilirubinemia was treated by means of replace-
ment transfusions, it was assumed that the hyperbilirubinemia was the cause of the 
hearing loss if indications for a different etiology were lacking. 
If there were accompanying symptoms, such as motor disorders, this cause was 
also accepted. An audiogram with a downward tendency was also used as a sup-
porting argument. 
In cases where proven hyperbilirubinemia had occurred but no replacement trans-
fusion had been carried out, the perinatal data were reassessed. We especially 
looked for the existence of symptoms of "respiratory distress", acidosis and 
prematurity. 
Table VII.3.5: Detailed data of 10 children with a hearing loss due to icterus. 
A 
В 
С 
D 
E 
F 
G 
H 
I 
J 
Pregnancy 
зех^ 
F 
M 
И 
M 
F 
F 
F 
F 
M 
M 
birth 
date2 
01-'62 
05-*62 
П-'62 
07-'63 
08- '(A 
08-'65 
09-'67 
12-'6B 
09-'70 
04-'72 
mother' 
G-P-A 
5.4.1 
4.4.0 
2.2.0 
B.7.1 
5.5.0 
4.4.0 
6.4.2 
5.4.1 
3.3.0 
2.2.0 
child4» 
4 
3 
2 
7 
5 
4 
4 
5 
3 
1 
Birth 
weight5 
7 
3000 
t3000 
4500 
2100 
1100 
2700 
1500 
3430 
2320 
G<> 
АЛ 
36 
34 
42 
АЛ 
29 
АЛ 
32 
36 
35 
Р7 
9 
75 
97 
95 
2 
25 
10 
25 
90 
50 
Perinatal 
Bili 
max" 
? 
? 
590 
•? 
ЗЗЕ 
З Е 
255 
12 
7 
330 
Coombs 
9 
7 
+ 
-
7 
+ 
-
7 
4-
+ 
-
Etiol 
10 
7 
Rh 
АО 
7 
Rh 
Rh 
7 
Rh 
Rh 
7 
Anox 
11 
+ 
7 
+ 
-
-
+ 
-
-
+ 
-
days 
12х 
±10 
±28 
20 
21 
30 
7 
±14 
± θ 
14 
± 7 
Pho 
13 
-
-
-
-
-
-
-
-
-
E.T 
14 
-
often 
2 
-
1 
-
-
1 
5 
1 
Hearing loss 
Flet 
15 
68 
75 
68 
48 
58 
38 
53 
57 
62 
45 
Audio 
16 
3 
2 
2 
3 
1 
3 
3 
2 
2 
3 
Develop­
ment 
17 
Normal 
Normal 
Athetiform 
Athetiform 
Normal 
Normal 
Normal 
Normal 
Athetiform 
Encephalop 
ENG 
18 
N. 
-
N 
-
N 
N 
N 
N 
Hypo 
Hypo 
1: Sex M = Male F = Female; 2: uirth date; month-year; 3: Mother: Gravida - Para - Abortus; 4: Child: Number of child in the 
family; 5: Birth weight: measured m gram; 6: G.A: gestational age; 7: P: Percentile: Birth weight in relation with Gestational 
Age (Kloosterman 1983, pp 74-75); 8: Bili: Maximum bilirubin level in ymol/l; 9: Coo: coombsreaction; 10: Etiol; etiology of 
hyperbilirubinemia; 11: Anox: period of anoxia - hypoxia during icterus neonatorum; 12: Days: duration of icterus: measured in 
days; 13: Pho: phototherapy; 14: E.T.: Number of exchange transfusions; 15: Flethcer Index (mean hearing loss at 0.5; 1 and 2 kHz 
measured on the better ear; 16: Audio: configuration of audiogram: 1: flat curve; 2: sloping curve; 3: typical curve for 
hyperbilirubinemia (Carhart (1967) 17: Development: neurological and psyrhorootorical development; 18: ENG: electronystagmography. 
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If there was an audiogram with a characteristic downward tendency in the low 
and mid frequencies and a period of "respiratory distress" or respiratory acidosis 
could be demonstrated, we considered that the hearing loss was caused by hyper-
bilirubinemia. This was also assumed if other indications, on the basis of which 
another etiologic cause could be accepted, were lacking. 
If the birth took place at home and hospitalization had not been advised in the 
case of "physiologic" icterus neonatorum, this period was carefully investigated 
via the parents and the general practitioner. In a limited number of cases it was 
decided that this period probably was the cause of the hearing loss on the basis of 
these specific supplementary historical data. An audiogram with a downward ten-
dency was used to support this diagnosis. 
In this study the hearing loss in 10 out of the 162 pupils (6%) was ascribed to ic-
terus neonatorum. These persons are mentioned in table VII.3.5. As can be 
deduced from the table, these pupils were often the last children of the family. 
The obstetric history of earlier pregnancies was greatly defective in pupils A and 
D to H. It concerned a first pregnancy in only one case (I). 
In 2 pupils, a bilirubin value was never determined (A, D) and in two others, the 
maximum value could no longer be traced (B, I). 
The characteristic configuration of the audiogram could be observed in 5 patients 
and this was an important factor in the diagnosis of a number of them (A, D( F, 
G) (figure VII,5). Phototherapy had not been carried out in any of the patients, 
not even as supporting therapy. 
Physical examination showed only one patient (G) to have restricted eye move-
ments, particularly on upward gaze. 
V/L3.2.4 Discussion 
In this study, hyperbilirubinemia was found to be the cause of hearing impair-
ment/deafness in 6% of the cases. The percentages reported in the literature dif-
fer considerably (table VII.3.4). In view of the great many new investigations on 
the patho-physiologic mechanisms of this condition it is expected that knowledge 
of this will increase in the future. 
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VII.4 POSTNA TALLY A CQUIRED CA USES OF HEARING 
IMPAIRMENT 
VII.4.1 Introduction 
The most important causes of hearing disorders in the postnatal period are menin­
gitis, ototoxic medication and chronic otitis. These will be discussed in succes­
sion. 
VII.4 Meningitis 
П.5 Ototoxic drugs 
VII.6 Chronic otitis media 
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VII.4.2 Menigitis 
VII.4.2.1 Pathogens 
Meningitis is a serious infectious disease which, in spite of present-day therapy, 
still causes considerable mortality and morbidity (Gilles, 1973). 
Meningitis is mainly bacterial or viral in origin. As a rule, bacterial meningitis 
has a more serious course and leaves more residual symptoms. In the newborn, 
the symptomatology is often non-specific and therapy is often delayed. 
It is important that the diagnosis is made as quickly as possible so that adequate 
antibiotic therapy can be administered; at first a wide spectrum antibiotic should 
be given, followed by a specific one dictated by information from culture of the 
causative organism. 
Sequelae of meningitis can include the following: mental retardation, 
hydrocephalus, loss of cranial nerve function, hearing loss and vestibular disor-
ders, ataxia and convulsions. The causal micro-oragnism depends to a great ex-
tent on age and, to a lesser extent on sex, social class, seasonal and geographical 
factors. 
For example, neonatal meningitis is caused by E. Coli in more than 75%; after 
the toddler age, H. influenzae meningitis occurs less frequently (Schretlen 1980; 
Silver et al. 1980; Mulder 1984; Paediatrics, suppl 1986). 
Bacterial meningitis occurs in 90% of the cases between birth and the age of 5. 
In the past 40 years this age division has not changed significantly (Vossen 1985). 
In more than 80% of the cases, E. coli, H. influenzae, Neisseria meningitides and 
Streptococcus pneumoniae are the causal pathogens. 
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VII.4.2.2 Hearing disorders 
Surveys of recent investigations on the causes of hearing impairment and deaf­
ness show that 3 to 17% of the cases were caused by meningitis (table VII.4.1). 
Frequency with which deafness and sensorineural hearing loss are 
caused by meningitis 
Author 
Fraser 1976 
school study 
Huizing 1970 
Taylor et al. 1975 
Cremers 1976 
Kankkunen 1982 
Janzen and Schaeffer 1984 
Parving 1984 
Holten and Parving 1985 
Newton 1985 
Peculation 
η = 
2355 
100 
86 
60 
179 
176 
117 
94 
111 
Hearing 
loss in 
the best 
oar 
deaf 
moderate 
deaf 
deaf 
> 25 dB 
> 50 dB 
> 35 dB 
> 65 dB 
> 25 dB 
Cue to 
meningitis 
number 
402 
6 
5 
8 
12 
14 
3 
7 
4 
% 
17 
6 
6 
13 
7 
8 
3 
7 
4 
This wide range could be partly explained by the different periods from which 
the study populations were drawn. 
In the studies mentioned in table VII.4.1, only two researchers (Cremers 1976; New­
ton 1985) have reported which micro-organism had caused the meningitis in the 
hearing-impaired children examined by them. Cremers (1976) reported on 8 pupils 
who had become deaf after meningitis. Six cases were caused by Streptococcus 
pneumoniae, one case by the measle virus and one by an unknown pathogen. New­
ton (1985) described two cases of meningitis by H. influenzae and one by Strep­
tococcus pneumoniae; the cause of the hearing loss in the other case was viral menin­
gitis. Meningitis can spread to the labyrinth through the aquaeductus cochleae, the 
meatus acoustics internus and via the bloodstream. The labyrinthitis usually causes 
hearing disorders and disturbances of balance (Lindsay 1973). 
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After bacterial meningitis, hearing disorders appear in 9% (5-13%) of the cases 
(table VII.4.2). During the critical stage of the meningitis, hearing disorders occur 
more frequently when the following conditions are present: 
a. An extremely low percentage of glucose in the cerebro-spinal fluid 
(Berlow et al. 1980; Nadol 1978). 
b. Adequate antibiotic therapy was started later than 48 hours after 
the first symptoms (Nadol 1978; Richner et al. 1979) 
Pneumococcus meningitis appears to be the cause of hearing disorders more often 
than the other pathogens (table VII.4.2). 
Pneumococcal meningitis occurring during the first year of life is supposed to 
have a very unfavorable prognosis (Laxer and Marks, 1977). 
Hearing disorders after H. influenzae meningitis occur less frequently than has 
been assumed in a large number of publications in this field (Sell et al. 1972; 
Gamstorp and Klockhoff 1974; Svenungsson et al. 1976; Jones and Hanson 1977; 
Rosenhall et al. 1978; Nylén and Rosenhall et al. 1979; Richner et al. 1979; 
Feldman et al. 1982; Muñoz et al. 1983; Marks 1984; MacDonald and Femstein 
1984; Silkes and Chabot 1985). 
VII.4.2.3 Meningitis in Eastern Holland: area of Nijmegen 
In the period from 1958-1978,251 children with bacterial meningitis were treated 
at the pediatric department of the Nijmegen University Hospital. 
This group is similar in origin to our own study population as far as area and period 
are concerned. The pathogens found in the patients at the pediatric department of 
the Nijmegen University Hospital are summarized in table VII.4.3 (Schreden 
1980). Stoelinga (1973) states that at the toddler age, N. meningitides is the most 
important pathogen. 
Other authors have stated H. influenzae as being the most critical pathogen in this 
age group (Paediatrics Suppl 1986; Spanjaard et al. 1986). 
For the area of Eastern Holland in the period 1958-1978, the percentage of bac-
terial pathogens causing meningitis-induced hearing disorders has been estimated 
in table VII.4.4 on the basis of the data given in tables VII.4.2 and VII.4.3 
Table VII.4.2: Frequency of deaf ness/sensorineural hearinq loss 'HP after bactpnal mpiuntjlt is 
Author 
Jonsson and 
Alvin 1971 
Nadol 1978* 
Keane et al. 
1979 
Overkamp 
et al. 1982* 
Ozdamar 
et al. 1983 
Dodge et al. 
1984 
TOTAL 
Population 
number 
277 
21U 
10Ü 
80 
60 
18^ 
912 
period 
•56-'67 
'70-'76 
,67~'74 
'78-Ή1 
'li-m 
hearinq \ачч 
total % 
^5 
6% 
m 
12S 
IOS 
9.2S 
H. Influen/ae 
η 
63 
84 
67 
В 
46 
118 
ÎH6 
Hl 
2 
4 
4 
J 
7 
20 
\ HL 
3 
ъ 
6 
7 
6 
•> 
Meningorocrub 
π 
H1 
44 
9 
21) 
i 
19 
Ibi 
Hl 
2 
13 
2 
22 
"о HL 
2 
30 
20 
11 
12 
Рприпмгои us 
η 
'Я 
46 
li 
11 
8 
29 
іье 
HL 
4 
7 
1 
4 
4 
9 
29 
"о III 
θ 
15 
θ 
36 
ьо 
31 
18 
Other'; 
rt 
82 
ib 
11 
ib 
3 
19 
1Й7 
Hl 
6 
4 
1 
1 
1 
13 
"о Hl 
11 
3 
5 
7 
* adapted results - only tallateral he.ninq loss 
- more than 30-40 dB hearinq loss in the bet tei ear 
Table VII.4.3; Bacterial meningitis in rhildhootj 
University Hospital Nijmegen 19Ь - 197 (Schretlen, 1980). 
Number 
without neurologic 
sequelae 
deceased 
with neurologic sequelae 
Organism 
F. Coll 
20 '8°ί) 
11 
6 
3 
Η. Infi. 
Ы 'ІУ^ 
47 
3 
7 
N.Mening. 
ЬЪ ',26 
ъъ 
3 
7 
Prieum. 
hl { }\) 
30 
6 
11 
Others 
21 '8 
10 
'> 
6 
Unknown 
41 '16!^ 
Ь^ 
2 
4 
Total 
2Ы СЮО?^ 
1Н8 ; 7Ь?0) 
2ъ : іооо) 
3tì ( лъ\^ 
95 
Table VII.4.4: Estimation of the frequency and occurrence of deafness due to bac­
terial meningitis in the eastern part of the Netherlands 
Pathogen 
S. pneumoniae 
N. meningitides 
H. influenzae 
Others 
A 
frequency 
table VII,3.3 
0.19 
0.26 
0.23 
0.08 
В 
deafness 
table VII.3.2 
0.18 
0.12 
0.05 
0.07 
С 
(АхВ) 
0.0342 
0.0312 
0.0115 
0.0056 
Percentage 
AB:0.0825 
41% 
38% 
14% 
7% 
0 . 0 8 2 5 ! 100% 
A = Frequency of bacterial meningitis in the eastern part of the Netherlands 
В = Frequency of deafness after bacterial meningitis 
С = Estimation of the incidence of deafness after bacterial meningitis in the eastern part 
of the Netherlands 
V1L4.2.4 Fluctuating hearing loss 
Fluctuating hearing loss after meningitis has been described several times in the 
literature (Liebmann et al. 1969; Roeser et al. 1975; Keane et al. 1979; Berlow et 
al. 1980; Rosenhall and Kankkunen 1981; Ozdamar et al. 1983; Kaplan et al. 
1984; Silkes and Chabot 1985). It is interesting that in more than 60% of the cases, 
hearing losses measured in the acute stage of the disease are reversible (Guíscafré 
et al. 1984; Vienny et al. 1984; Kaplan et al. 1984). This has been observed most 
often in cases of minor hearing loss and after viral meningitis. It is therefore ad-
visable to carry out audiometrie tests not only in the acute stage, but also in the 
subsequent period. It has been reported that if no hearing loss has occurred in the 
acute stage, then it will not occur in the period afterwards (Vienny et al. 1984). 
Hearing may also worsen progressively and a progressive loss over more than 10 
years has been reported (Silkes and Chabot 1985). 
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VH.4.2.5 Viral meningitis 
Aseptic or viral meningitis or meningoencephalitis can be caused by a great num-
ber of viruses. In general, aseptic meningitis has a much less serious course. There 
are fewer residual symptoms than after bacterial meningitis. (Corey, 1980). 
Residual symptoms may manifest themselves in various conditions, including 
choreoathetiform movements, ataxia, nystagmus, coma and bulbar palsy (Corey 
1980; Davies and Johnsson 1983). 
Detailed retrospective studies on the effect of viral meningitis on hearing are 
scarce. Knowledge of this subject is based on single case reports. Thus, no exact 
data on the frequency of hearing loss after viral meningitis are known. Guiscafré 
et al. ( 1984) found a percentage of VII.4% in the acute stage of the disease. After 
six months, repeat examinations showed a hearing loss in only 2.6% of the cases. 
Hearing loss was not observed in Nadol's study (1978) on the effects of viral 
meningitis on 304 cases. In this study the causal virus could only be cultivated in 
13% of the cases. 
Measles (VII.4.2.6) and the mumps virus (VII.4.2.7) are the best known viral 
pathogens causing hearing disorders in the postnatal period. 
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П.4.2.6 Measles meningitis 
Before vaccination against measles had been introduced, hearing losses occurred 
at a frequency of 0.1% (Miller et al. 1956). 
In older studies on the causes of deafness, percentages of even 3 and 10% have 
been recorded (Kinney 1953; Harrison 1958). 
Hearing loss may manifest itself after measles meningoencephalitis as well as 
after an infection which has not affected the central nervous system (Lindsay 
1973). It is to be expected that intensive vaccination against measles will also be 
effective in preventing hearing disorders. 
In this study, the hearing loss of one girl was ascribed to a measles infection from 
which she had suffered at the age of three. Her hearing loss of 55 dB Fletcher 
Index was symmetrical and showed a downward slope (figure VII.6) Vestibular 
tests did not show any defects. 
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Figure VII.6: Audiogram of a pupil in whom an acquired cause of hearing loss by 
measles was accepted 
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VIL4.2.7 Mumps meningitis 
The frequency of hearing loss after an infection due to mumps is reported to be 
between 0.05 and 5% (Everberg 1957; Vuori et al. 1962). The hearing loss is 
usually unilateral, often reversible and may also occur without evidence of menin-
goencephalitis (Vuori et al. 1962). 
As unexplained unilateral deafness is not a rare occurrence, the impression exists 
that it often seems to be ascribed erroneously to a mumps infection. 
Meningoencephalitis due to mumps may manifest itself without infectious 
symptoms of the parotid glands. Boys appear to be affected three times more often 
than girls (Silver et al. 1980). 
In this study one pupil had suffered from mumps meningitis. He had also suffered 
from severe postnatal hypoxia and streptomycin had been given (VII.3.1.3; case 
1 ). Because the hearing loss was noticed before he had contracted mumps menin-
gitis, the hearing loss was attributed to the perinatal problems. 
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VII.4.2.8 Present study 
In this study the hearing loss of 9 of the 162 pupils (9/162 = 6%)was ascribed to 
meningitis. The most important data have been summarized in table VII.4.5. 
A bacterial pathogen could be demonstrated 7 times (A to G). In one case (I) the 
pathogen could not be cultured because therapy had already been started, but the 
features of the case history make it likely that the diagnosis was bacterial menin-
gitis. 
It is surprising that H. influenzae did not occur among the pathogens because this 
microorganism was reported to be the cause of bacterial meningitis in 23% of 
cases in the same period and area as our study population (table VII.4.3). S. 
pneumoniae was cultivated in 2 pupils (A and B) and N. meningitidis in 4 pupils 
as the pathogens of meningitis. However, the numbers are too small to make a 
significant comparison with the data given in tables VII.4.3 and VII.4.4. 
A progressive hearing loss could be determined audiometrically in 4 pupils (figure 
VII.7; audio B, C, G and I). A correlation between the progression and causal 
pathogen could not be found in this study. 
In one case (H), the hearing loss was ascribed to viral meningitis from which an 
echovirus was later cultivated. This has not been described before in the litera-
ture. 
Residual neurological symptoms other than hearing disorders, were only observed 
in 3 patients (A, G, I) in this study. This may be explained by the fact that hear-
ing-impaired children with more than one handicap are usually educated at spe-
cial schools. Pupils A and I were at the Martinus van Beekschool for only a short 
period. 
Table VILA.5: Present study; details of 9 children with hearing loss after meningitis 
A 
θ 
с 
0 
E 
F 
G 
H 
I 
sex^ 
M 
T 
F 
M 
M 
F 
F 
F 
M 
birth 
date2 
06-'60 
03-'66 
06-'65 
07-'66 
06-'68 
11-'6Θ 
m-'69 
11-,69 
10-'70 
Perinatal 
B.W.7 
3000 
3750 
3300 
3100 
4500 
2Θ00 
2070 
1600 
1250 
CA.« 
АЛ. 
АЛ. 
АЛ. 
АЛ. 
АЛ. 
3 
31 
31 
30 
Meningitis 
Аде^ 
¡І;9 
0;7 
2;5 
0;7 
<Ч6 
1:0 
neo 
4;9 
0;3 
Year6 
'65 
'66 
'67 
'67 
•70 
'69 
'69 
•74 
'71 
Micro­
organism' 
S.Pneum. 
S.Pneum. 
N.Menin. 
N.Menin. 
N.Menin. 
N.Menin. 
E.Coli 
Echo-V 
? 
O.M.8 
+ 
+ 
-
+ 
-
-
-
-
+ 
Compli­
cations' 
mastoid­
itis 
pat-delay 
7 days 
Anoxia 
convulsions 
EFGlO 
A 
N 
A 
A 
A 
Therapy11 
Pb-Su-Str 
Pen-Su 
9 
Pen-Pb 
Pen-Su 
Pen 
Pen-Col-Str 
Kan-Pb 
Neurologic Sequelae 
Hear.loss 
AD-AS12 
65-82 
77-D 
73-D 
83-47 
48-38 
77-95 
67-63 
65-53 
107-95 
p13 
-
35 
τ-
-
-
-
40 
11 
25 
10 
ENG1* 
-
Hypo 
Arefl 
Hypo 
Hypo 
-
Hypo 
Hypo 
Mental^ 
R 
N 
N 
N 
N 
N 
N 
R 
Motor16 
N 
N 
N 
N 
N 
N 
N 
R 
1: Sex M = Male F = Female; 2: Birth date: month-year; 3.: B.W. = Birth weight (gram); 4: G.A. - gestational age; 5: Age = age 
Cmonth;year) at meningitis; 6; year = year in which meningitis occurred; 7: pathogenic microorganism of meningitis; 
: O.M. = acute otiti? media at time of meningitis; 9: Complications during meningitis period; 10: tEG = EEG shortly aftei 
meningitis (A=abnormal; N=normal); 11: Therapy: Col=Colimycin; KansKanamycin; Pb^Penbntin; Pen=Penirillin; Str=Streptomycin; 
Su=Sulf8; 12: Hearing loss Fletcher Index AD=right ear; AS=left ear D=Completely deaf; 13: Ρ = progression of hearing loss 
increase of Fletcher Index/year; 14: ENG = Electronystagmography: hypo=Hyporeactive; Arefl= Areflexy; 15: Mental = mental 
development after meningitis: R=retarded; N=normal; 16: Motor = motor development after meningitis: R=retarded; Nmormal 
FIGURE 7.7 HEARING LOSS OF 9 CASES ( A TO I ) AFTER MENINGITIS 
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VH4.2.9 Discussion 
A survey of the literature was conducted to find out which types of meningitis 
form the most frequent cause of hearing loss. Among the bacterial meningitides, 
pneumococcal and meningococcal meningitis appeared most frequently. These 
two types were in the majority (6/9 = 66%) in this study as well. 
A coirelation between the pathogen and degree of hearing loss could not be es-
tablished. In persons submitted to vestibular tests, the labyrinth was found to be 
hyporeactive and in one case vestibular areflexia was even observed. 
Meningitis can cause other sequelae beside hearing loss, including motor disor-
ders and mental retardation. The infrequent occurrence of the two latter condi-
tions in our study group can be explained by the fact that the multiply handicapped 
hearing-impaired children in the Netherlands received their education at other 
special schools. 
It is possible that the hearing loss after meningitis is caused by the administration 
of ototoxic medication. In this study the hearing loss was attributed to the menin-
gitis infection in these cases. 
It is advisable to test the hearing of all children directly after they have suffered 
from meningitis in order to be able to make optimal use of the residual hearing if 
hearing loss has occurred. It is also useful to follow the hearing over a longer 
period of time, because the hearing loss may be progressive. 
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VIL5 OTOTOXIC DRUGS 
VIL5.1 Introduction 
It is well-known that certain drugs have adverse effects on the cochlea and the 
vestibular organ. In table VII.5.1 the most important ototoxic drugs are listed 
(Tange 1987). Usually, the hearing loss is sensorineural and symmetrical. 
From recent investigations it has become clear that the hearing loss manifests it­
self first in the very high frequencies (Tange et al. 1985) and therefore remains 
unnoticed. 
A number of ototoxic medications which have been found to be the cause of the 
hearing loss will be discussed. 
Table VII.5.1: Ototoxic drugs (According to Tange 1987). 
Antibiotics (aminoylyoosides) 
streptomycin 
dihydrostreptamycin 
nearaycin 
капалусіп 
amikacin 
tobraraycin 
siscmycin 
gentamicin 
netilmicin 
Other antibiotics 
erythruuiycin 
vancomycin 
minocyclin 
chlorainphenicol 
arnpicillin 
Colistin 
ristocetine 
(locally) 
polymyxin В (locally) 
Vibramycin 
Diuretics 
ethacrynic acid 
furosemide 
acetazolamide 
bumetadine 
mannitol 
Cytostatics 
cisplatinum 
bleonycin 
Anti-inalariamedications 
quinine 
chloioquine 
Analgesics 
salicylat.p.4 
Others 
Chlorhexidine (locally) 
pentobarbitone 
tetanus-antitoxin 
procaine (Novocaine) 
atropine (locally) 
morphine 
strychnine 
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VILS.2 Aminoglycosides 
VIJ.5.2.1 Literature 
The aminoglycoside antibiotics are the most important group of drugs with 
ototoxic side effects. As a rule, vestibulo-ototoxicity is reversible, however, the 
resulting hearing loss is usually permanent. In the few prospective studies that 
exist, the incidence of ototoxicity is estimated to lie between 10 and 16% and ves-
tibulotoxicity between 5 and 15% (Smith et al. 1980; Fee 1980; Matz 1986). 
Reversible and unilateral hearing losses have also occasionally been described 
(Matz 1986). Renal function disorders and the use of diuretics significantly en-
hance the possibility of side-effects (Ballantyne 1976; Matz and Lemer 1981). 
Premature babies with underdeveloped kidney function are particularly at risk 
(Bernard 1981). 
It is possible for aminoglycosides to pass the placenta barrier during pregnancy 
and cause teratogenic abnormalities (Matz and Lemer 1981). 
A stronger ototoxic effect can be observed in combination with acoustic trauma. 
From animal experiments it has appeared that the combination of the noise 
produced by an incubator and kanamycin administration can damage the hair cells 
of the inner ear, while under the same circumstances neither factor alone is capable 
of this (Dayal et al. 1971; Brown et al. 1980). 
If aminoglycosides are used to treat bacterial meningitis, it may be hard to distin-
guish which of the two factors is responsible for the hearing loss. It may be a com-
bination of the two. In the present study, persons with this history have been 
described in the section on meningitis. 
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VII5.2.2 Present study 
In this study streptomycin was accepted once as the cause of the hearing loss. In 
three of the cases in table VII.4.5 with hearing losses due to meningitis, ototoxic 
medication had been administered; two had received streptomycin and one 
kanamycin. 
Streptomycin had also been given to another hearing-impaired pupil in the neona­
tal period, who had suffered from mumps meningitis during childhood. In this 
case a perinatal cause for the hearing loss was accepted (VII.3.1.3; Case I). 
Case I 
Male born in 1968, with a slightly progressive sensorineural hearing loss of 80 dB 
Fletcher Index measured in the best ear (figure VII 8). Vestibular tests showed the 
labyrinths to be hyporeactive on both sides. Ophthalmologic examination and laboratory 
tests showed no abnormalities. 
Pregnancy and parturition, as well as family history were normal. During the first few 
months of his life he was exposed to tuberculosis and at the age of 10 months, this diag­
nosis was made. He was hospitalized for 15 months during which time he was treated 
with the tuberculostatics PAS, IN H and streptomycin, later in combination with long-
term Prednisone Immediately afterwards, doubts arose concerning his hearing. 
ι 
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Figure Ю : Audiogram case I: Male 25 years old with a sensorineural hearing loss 
attributed to streptomycin medication 
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VII.5.3 Quinine - chloroquine 
VIL5.3.1 Literature 
It has been reported that large quantities of quinine and chloroquine are often 
prescribed to large numbers of people as antimalarials for long periods of time 
without any side-effects. Problems with vision and damage to hearing may 
manifest themselves. The initial symptoms sometimes even occur when ad-
ministration has been stopped (Diamond 1981). Hearing losses have also been 
described after a "once-only" low dose (Dwivedi and Mehra 1978). 
The use of normal doses of quinine derivatives as prophylaxis against malaria is 
not discouraged during pregnancy (Farmacotherapeutisch Kompas 1987). 
However, when used in a high dose during pregnancy, teratogenic effects includ-
ing hearing loss have been observed (Matz and Naunton 1968). It has been 
reported that quinine may cause damage to the surviving child's hearing when 
used as an aborting agent (McKinna 1966; Cremers 1976). 
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VILS.3.2 Present study 
In this retrospective study the hearing loss was ascribed to quinine medication 
during pregnancy in one case (Case II). 
Case 11 
Female, born in 1969 with a sensorineural hearing loss of 70 dB Fletcher Index (figure 
VII.9). Hearing impairment was suspected at the age of two months. 
During the first trimester of pregnancy an unknown dose of quinine was taken to induce 
an abortion. The remaining pregnancy was normal and a daughter of '3000 grams was 
born at term in cephalic presentation. The peri and postnatal periods were normal. 
Growth was within the tenth percentile. 
The psychomotor development was normal. Physical examination, laboratory tests, oph­
thalmologic andvestibular examination revealed no abnormalities. The parents had nor­
mal hearing. Consanguinity up to the 7th generation could not be demonstrated. In the 
mother's family, familial hypercholesterolemia was noted, resulting in untimely death 
from heart and vascular diseases. Hearing impairment did not occur in either of the two 
families. The use of quinine during pregnancy was considered to be the cause of the 
hearing loss in this case. 
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Figure УПЭ: Audiogram case II: Female 18 years old with hearing loss attributed 
to quinine intoxication in the prenatal period 
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П.5.4 Acetylsalicj'lic acid 
VILS.4.1 Literature 
The mean frequency of hearing loss after the use of salicylates is reported to be 
one in a hundred, but has been known to increase to 15% with higher doses (Jick 
1982). If acetylsalicylic acid is used to treat rheumatoid arthritis, ototoxicity is 
often accompanied by tinnitus, but it is usually reversible after the treatment has 
been discontinued (Meyers et al. 1965; Perlman 1966; Hageman 1976). 
A potentiating effect of acoustic trauma has also been described (Eddy et al. 1976; 
Chen and Aberdeen 1980; McFadden and Plattsmier 1983), although this has not 
been confirmed by others (Woodford et al. 1978; Lambert et al. 1986). 
VIL5.4.2 Present study 
In this study, a hearing loss became manifest in two patients after salicylate 
medication had been administered on account of juvenile rheumatoid arthirtis. 
These two patients will be discussed below. 
Case III 
Female, born in 1971, with a symmetrical perceptive flat hearing loss of 60 dB Fletcher 
Index (figure VII.10; audio 3). Vestibular tests showed right canal paresis and left 
hypofunction. 
Pregnancy, delivery and family history were unremarkable. 
A t the age of2, poly-articular juvenile chronic arthritis was diagnosed which was treated 
by means of salicylate medication. Two years later, chronic iridocyclitis manifested it­
self as well. At the age of 4 she was hospitalized with suspected salicylate intoxication, 
metabolic acidosis and seriously impaired liver funcnon. The next day she went into a 
deep coma with epileptic episodes for which she needed to be resuscitated. The maxi­
mal salicylate level in the blood was measured at 29.9 mg% but was possibly higher in­
tercellular ly on the basis of hypersensitivity to salicylate. Immediately after she was dis­
charged from hospital, hearing impairment was noticed by the parents. 
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Case IV 
Male, born in 1975, with a sensorineural hearing loss of 75 dB Fletcher Index (figure 
VII.10; audio 4). Vestibular tests did not show any abnormalities. 
Pregnancy, delivery and family history revealed no abnormalities. Genealogie inves­
tigation showed the parents to have one great-grandfather in common. 
At the age of 4, the diagnosis juvenile rheumatoid arthritis was made after gonanhritis. 
Salicylate medication was commenced and the level of serum salicylate, checked serial­
ly, amounted to 28 mg%. 
In the period preceding the salicylate medication, a normal sensorineural threshold was 
measured audiometrically when he sufferedfrom otitis media with effusion. Audiometrie 
checL· during the salicylate medication showed a progressive hearing loss, which was 
sensorineural. After the salicylate medication was discontinued, there was no hearing 
improvement. 
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Figure VH.IO: Audiogram cases ІП and IV. Female of 17 years and male of 12 years 
with sensorineural hearing losses attributed to salicylate medication, 
prescribed on account of juvenile rheumatoid arthritis 
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VII.5.5 Other ototoxic drugs 
A number of pharmacologic agents, which have been known to be highly ototoxic, 
are no longer likely to be the cause of the hearing loss, either because they have 
been taken out of circulation or because the indications for use have changed con­
siderably. 
The best-known example is thalidomide, which at the moment is almost exclusive­
ly used in animal experiments. 
VIL5.5.1 Present study 
In this study the hearing loss of one person was ascribed to an unknown dose of 
thalidomide intoxication during the 2nd month of pregnancy. 
CaseV 
Female, born in 1962 with a sensorineural hearing loss with a downward slope, 88 dB 
in the right ear and 110 dB Fletcher Index in the left ear (figure V1I.11). Vestibular tests 
showed complete unresponsiveness of both labyrinths. 
In the 2nd month of pregnancy thalidomide was used in an unknown dose. After a ges­
tational period of 36 weeks, labor was induced and the birth weight was 2530 grams. 
Postnatally, deformed upper extremities were observed. 
Psychomotor development was slow and she was nursed in a children's home because 
of autistic symptoms. Subsequently, she was educated at schools for the hearing im­
paired. Ophthalmologic examination showed paresis of the abducens nerve on both 
sides, on the left more prominently than on the right. 
No hearing impairment occurred in the family and consanguinity between the parents 
could not be shown. 
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Audiogram case V. Female of 24 years with sensorineural hearing loss 
Figure ІІЛ1: attributed to thalidomide intoxicanon in the prenatal period 
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VII.5.6 Discussion 
Hearing disorders caused by ototoxic drugs are hard to diagnose, especially at a 
very young age. In the majority of cases, these agents are administered for serious 
illness, such as meningitis. 
The ototoxic effect of many drugs is well-known. However, it can be very dif-
ficult to be sure whether the ototoxic medication is the cause of the deafness or 
whether the disease for which the medication was given is responsible. A good 
example is meningitis which can be followed by hearing loss and is also often 
treated with antibiotics with ototoxic side-effects. The same applies to the effects 
on the vestibular apparatus. The incidence of ototoxic hearing loss in this study 
is perhaps slightly low. In this study meningitis was accepted as the cause of the 
hearing loss in three cases who had also received ototoxic medication. 
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VII.6 Chronic Otitis media 
VII.6.1 Introduction 
In early childhood, hearing loss is frequently the result of chronic otitis media 
with or without cholesteatoma. Little information is available on the frequency 
of chronic otitis media among pupils at schools for the hearing impaired. Special 
institutes for educating the hearing impaired and the deaf in the Netherlands dif-
fer from other countries, as described in Chapter IV. 
Huizing (1970) found chronic otitis to be the cause of deafness in 26 of 100 pupils 
(26%) at a school for the hearing impaired. The highest percentage mentioned in 
previous studies is 6%. (table II.3). 
VII.6.2 Present study 
The average age of the pupils in this study was 20 years. Pupils, with a recently 
measured hearing loss of less than 35 dB Fletcher Index in the best ear were ex-
cluded from this study. 
Two of them underwent reconstructive middle ear surgery during the schooling 
period which resulted in hearing improvement and exclusion from the study. 
In 6 out of 162 pupils (4%) the hearing loss was attributed to chronic otitis media. 
The average hearing loss was 45 dB Fletcher Index. Their most recent audiograms 
are shown in figure VII. 12 (audio 1-6). In 3 out of the 6, surgery had been per-
formed because of chronic otitis media with cholesteatoma (figure VII.12; audio 
1, 2, 3). In one case deafness in one ear was probably present pre-operatively 
(figure VII.12; audio 2). In 2 other pupils, 2 brothers with unexplained growth 
retardation (figure VII. 12; audio 4-5), irreversible atelectasis of both middle ears 
was the result of persistent tubal dysfunction despite the repeated insertion of 
grommets. The remaining pupil was found to have bilateral tympanic membrane 
perforation, resulting from chronic otitis media (figure VII. 12; audio 6). 
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Figure П.12: Audiograms of the 6 pupils with hearing losses attributed to chronic 
otitis media 
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VII.6.3 Discussion 
In comparison with the 26% reported by Huizing (1970), we found a much lower 
percentage (6/162 = 4%) of hearing loss caused by chronic otitis media. Our find-
ings support previous studies in which it is stated that chronic otitis media is a 
relatively infrequent cause of deafness among pupils at institutes for the deaf and 
schools for the hearing impaired (table II.3). 
Children with such conductive hearing losses can usually be treated with hearing 
aids and in many cases can attend normal schools, if necessary with the support 
of an audiologic center. In general, fewer problems are expected to occur with 
speech discrimination in the case of conductive hearing loss than with sen-
sorineural hearing loss. 
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П7 DISCUSSION 
The acquired causes of hearing loss were divided into those arising in the pre, peri 
and postnatal periods (table VII.l). In the pre, peri and postnatal periods the etiol­
ogy could be determined in 26% (11/43), 33% (14/43) and 42% (18/43), respec­
tively. 
The percentage of acquired causes in the total study group, namely 26% (43/162), 
is lower than that mentioned in other studies (table 11.3). This difference with other 
studies is mainly due to the causes of hearing loss arising in the pre and postna­
tal periods. For example, other researchers have reported hearing losses caused 
by rubella embryopathy in an average of 11% (table II.3). In this study, in which 
the total study population was subjected to routine otologic tests, Rubella was 
found to be the cause of hearing loss in 6%. This difference cannot be attributed 
to the effect of the vaccination program (VII. 1.2.3). It is possible that the studies 
listed in table II.3 were conducted during rubella epidemics which had previously 
had a cyclic course. 
Hearing losses due to cytomegalovirus in the prenatal period could not be estab­
lished in this or any of the other studies. 
There is an even larger difference between this study and other reports regarding 
hypoxia and icterus neonatorum. When the latter two etiologies were combined, 
as other researchers have done, an average percentage of 14% was obtained. In 
this study the cause was attributed to a previous episode of kernicterus in 6%, 
whereas only 2% of the causes of hearing loss could be attributed to neonatal 
hypoxia. 
Through the routine administration of antirhesus immunoglobulin to all rhesus 
negative mothers who give birth to a rhesus positive child, the percentage of hear­
ing disorders caused by icterus neonatorum can be expected to decrease in the fu­
ture. It is possible that precisely this effect has manifested itself in this study. The 
low percentage of hearing losses due to hypoxia in the prenatal period can be ex­
plained by the criteria we used. 
Accepting a previous episode of meningitis or the use of ototoxic medication 
during its treatment as an acquired form of hearing loss, did not generally give 
rise to problems. The 6% prevalence rate of meningitis infections found in this 
study agrees with the average percentage (8%) reported in the studies listed in 
table II.3. 
Vili. UNKNOWN ETIOLOGY 
VIII.1 Literature 
Recent studies on the causes of hearing impairment and deafness report the cause 
to be unknown in an average of 34% (table II. 1). 
As has been stated in section II.6, classification under this category is determined 
to a large extent by the different criteria used by the researchers. The stricter the 
criteria, the larger the unknown group will be. Parving re-examined the group 
"unknown" from her first study and reported that the cause could be determined 
after all in 63% of the cases (Parving, 1984). 
A number of researchers have divided the group "unknown" into well-known 
causes by means of the method of segregation analysis (Brown and Chung 1971 ; 
Fraser 1976). 
VIII.2 Present study 
In this study, the cause of the hearing loss could not be determined with sufficient 
certainty in 55 of the 162 pupils (34%). For 27 of them (27/162 = 17%), not even 
a single indication was found. In eight cases, more than one possibility had 
presented itself and in 20 pupils there were insufficient data to accept a definite 
etiology on the basis of the criteria used. 
Scanty evidence for an autosomal recessive inheritance was found in 17 of the 
unknown causes. If they were added to the group with autosomal recessive hear-
ing loss (38 out of 162, table VI. 1), the percentage of autosomal recessive hear-
ing disorders amounted to 34% (55/162), a figure which agrees with Fraser's study 
(1976, see table II.2). 
Subdivision of the group of unknown causes into possible causes is given in table 
VIII.l. 
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Table VIII.l: Sensorineural hearing loss of unknown cause 
Possible etiology 
unknown 
Perinatal problems plus some evidence of autosomal 
recessive etiology 
Rubella contact with evidence of autosomal recessive 
etiology 
Autosomal recessive etiology; insufficient evidence 
Perinatal problems; insufficient evidence 
Hereditary cause; insufficient evidence 
Rubella contact; insufficient evidence 
Midfrequency deafness; insufficient evidence of 
hereditary cause 
Probable tapetoretinal degeneration; insufficient 
evidence for Usher's syndrome 
Unknown: without any indications 
Acquired 
Hereditary 
Total 
Number 
of pupils 
55 
7 
1 
9 
6 
2 
1 
1 
1 
27 
43 
64 
162 
% 
34 
26 
40 
100 
119 
Ш.З Discussion 
A great deal of care was taken in this study to obtain as much relevant data as pos­
sible on the probable causes of hearing loss in order to keep the group of unknown 
causes small. 
On the other hand, fairly strict criteria were used on the basis of which the hear­
ing loss or deafness could be attributed to a particular cause. 
It is obvious that the group "unknown" comprises unrecognized or undetectable 
hereditary and acquired causes. For example, cytomegalovirus infections cannot 
be detected in a retrospective study like this and therefore its incidence is un­
known. 
Of more importance is the group of unrecognized autosomal recessive disorders. 
If there were no indications for a syndromal diagnosis, no brothers or sisters with 
a considerable loss of hearing and also no consanguinity between the parents, it 
was not possible to make an autosomal recessive diagnosis in this study. It is clear 
that a syndromal diagnosis is only possible in a small number of cases. Consan­
guinity is also rare. In a family with 3 or 4 children, the chance that there is only 
one child affected with a hearing loss or deafness is greater than there being a 
second child who is deaf or hard of hearing in that family. 
In the future, genelocalization may contribute to the recognition of children with 
an autosomal recessive cause for their hearing impairment in the group with un­
known etiologies. 

IX. PRESENTATION OF THE DIFFERENT 
ETIOLOGIES AND THEIR CORRELATION 
WITH THE DEGREE OF HEARING LOSS 
AND OTHER PARAMETERS 
IX.l CAUSES OF HEARING IMPAIRMENT IN THE 162 PUPILS 
In this study 162 (ex-)pupils at a school for the hearing impaired were examined. 
They all had a hearing loss of more than 35 dB Fletcher Index, measured in the 
best ear. The year of birth ranged from 1960 to 1975. 
The causes and criteria, on the basis of which a cause was accepted, have been 
elucidated in the previous chapters. 
In table IX.l the overall results of this study are shown. A definite etiology for 
the hearing loss could be found in 107 pupils (107/162=66%) in accordance with 
our criteria. In 34% the etiology remained unknown despite careful examination 
(55/162=34%). 
In the population with a definite cause (107 pupils), a hereditary etiology could 
be accepted in 64 pupils and an acquired etiology in 43. 
In the hereditary group comprising 64 pupils, 14 pupils had syndromes (14/64) 
and 12 had a specific audiometrically recognizable type of hearing loss (12/64). 
In 38 of these 64 pupils the hereditary etiology could be accepted on the basis of 
other criteria (36/64) e.g. the mode of inheritance. 
Most acquired causes of hearing impairment were found to have arisen in the 
postnatal period (18/43). Less were found in the perinatal period (14/43) and only 
11 of the 43 originated from the prenatal period. 
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The unknown group of 55 pupils included 28 (28/55) in whom one or more signs 
were found. However, they did not meet our criteria. Therefore the etiology in 
this group remained unknown. In 27 pupils (27/55) no signs at all could be found. 
This is 17% (27/162) of the total study population. 
Table IX.l : Causes of hearing impairment in 162 pupils at a school for the hear-
ing impaired 
bTlüJJÜGÏ 
HEREDITARY 
AUTOSCHAL HECKSSXVE 
. Syndrcnal 
. Audiometrically recognizable type 
. Non-specific 
АШПРГИАЬ DCMTNÄNT 
. Syndromal 
. Audicrostrically recognizable type 
. Non-specific 
aman PATTESN O F I H H E R I T A N Œ 
. X-linked 
. Unclear 
AOQUIBED 
HŒNATAL 
. Riibfilla 
. Teratogenic drugs 
JÎKIHATAL 
. Kemicterus 
. Other perinatal causes 
. Meningitis 
Kb'INAIAL 
. Meningitis 
. Chronic otitis media 
. Ototoxic medication 
. Measles 
UNKNOWN 
. Evidence of more than one etiology 
. Insufficient evidence for an etiology 
. No evidence at all 
TOEAL 
NUMBER 
64 
38 
I 
26 
23 
4 
7 
12 
3 
1 
2 
43 
11 
9 
2 
14 
10 
3 
1 
18 
8 
6 
3 
1 
55 
8 
20 
27 
162 
%* 
40 
23 
14 
27 
7 
9 
11 
34 
5 
12 
17 
100 
* Rounded percentages 
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IX.2 THE CORRELA TION OF THESE CA USES WITH THE 
DEGREE OF HEARING LOSS 
In this study the subjects were also divided into bands of 10 dB in accordance 
with their audiograms and the etiologies in each group were compared (tables 
IX.2 and IX.3). In this way a relationship was sought between the cause of hear­
ing impairment and the degree of hearing loss. The results show that the autosomal 
dominant form of inheritance was present more frequently among the less severe 
hearing losses. This difference was statistically significant (figure IX.l), when 
the dichotomy was made at 70 dB or at 80 dB (ρ <0.05). 
162 HEARING IMPAIRED PUPILS 
I | UNKNOWN 
Ш% ACQUIRED 
L I U HEREDITARY others 
HEREDITARY out recessive 
HEREDITARY out dominant 
35-39 « - 4 9 50-59 60-69 70-79 Θ0-Θ9 90-99 100-109 Я 1 0 
HEARINGLOSS 
Causes of hearing loss in 162 (ex-)pupils at a school for the hearing 
Figure IX.l: impaired, divided into bands of 10 dB according to their audiogram 
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Table IX.2: Etiology of heanng loss among 138 hearing-impaired school children 
with hearing loss between 35-89 dB (Fletcher Index) 
Hiring loss 
etiology 
Hereditary 
Aut.recessive 
Aut. dominant 
X-linked 
Unknown 
Acquiröl 
Rubel]a 
Perinatal 
Icterus 
Meningitis 
Otitis 
Measles 
Drugs 
Unknown 
35-39dB 
9 
4 
4 
1 
4 
1 
1 
2 
5 
18 
40-49dB 
14 
5 
δ 
1 
7 
1 
1 
2 
1 
2 
10 
31 
50-59dB 
10 
5 
4 
1 
8 
1 
1 
3 
1 
1 
1 
13 
31 
60-69dB 
13 
8 
5 
9 
1 
1 
3 
2 
1 
1 
9 
31 
70-79dB 
7 
6 
1 
7 
1 
1 
3 
2 
5 
19 
80-89dB 
3 
3 
4 
2 
2 
1 
8 
31 
22 
1 
2 
t 
10 
8 
6 
1 
5 
56 
39 
43 
138 
Table IX.3: Etiology of deafness among 24 hearing-impaired school children with 
hearing loss above 90 dB (Fletcher Index) 
Hearing loss 
etiology 
Hereditary 
Aut.recessive 
Aut. dominant 
X-linked 
Unknown 
Acquired 
Rubella 
Perinatal 
Icterus 
Meningitis 
Otitis 
Measles 
Drugs 
Unknown 
90-99dB 
4 
3 
1 
2 
1 
1 
5 
11 
100-109dB 
3 
3 
Η
 
Η
 
1
 
1
 I
 
I 
|
 1
 
6 
10 
110-119dB 
0 
Η
 
Η
 
ι
 
ι
 
ι
 
ι
 
ι
 
ι
 
1 
2 
> 120 dB 
1 
1 
ο
 
Ι
 
Ι
 
Ι
 
Ι
 
Ι
 
Ι
 
1
 
-
1 
7 
1 
3 
1 
8 
4 
12 
24 
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The autosomal recessive form was found more frequently in the groups with more 
severe hearing losses. This difference was not significant, probably due to the fact 
that the severe hearing losses formed a minority in this study (figure IX. 1). 
An acquired cause was found less frequently in the group with a severe hearing 
loss of more than 90 dB (4/24), whereas no cause was found in 12 pupils in this 
group of 24 (table IX.3). 
In the population with an accepted cause, a hereditary etiology was found more 
frequently among the group with a slight hearing loss (less than 50 dB) and the 
group with a severe hearing loss (of more than 90 dB). In the group with a 
moderate hearing loss (50 to 90 dB) hereditary and acquired etiologies were equal-
ly divided (figure IX. 1). 
IX.3 THE CORRELA TION OF THESE CASES WITH OTHER 
PARAMETERS 
Data on the pupils examined during this study are shown in table IX.4, divided 
according to etiology and sex. 
The average hearing loss of the total population was 62 dB Fletcher Index. The 
lowest average hearing loss of 55 dB was found in males with a hereditary cause. 
This difference is not significant. 
The average age at which the hearing loss was first noted was 37 months. The 
data from obstetric histories showed no striking differences in the various etiol-
ogy groups. In 35% a complicated pregnancy was noted (57/162=35%); as ex-
pected, this was found most frequently in the "acquired group". 
The average birth weight was 3052 gram. The lower birth weight in the "acquired" 
group was caused by the lower than average birth weight in the hypoxic (mean 
birth weight = 2193 gram), rubella (mean birth weight = 2608 gram) and kemic-
terus (mean birth weight = 2628 gram) subgroups. 
The average age of walking was 15 months. Other data on the motor development 
were not included because of their unreliability. The average height, weight and 
skull circumference were measured during this study. Because of their variability 
with age, no conclusions could be drawn. 
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Table IX.4: Average data on the 162 (ex-)pupils at a school for the hearing i 
paired, divided according to etiology and sex 
Number 
Hmrina Іпкя 
Average FI(dB) 
Detection age 
HL (mcnths) 
Pnecmancv 
Average 
G 
Ρ 
A 
Oiild number 
Menarche age 
of the muUier 
Ccrplicated 
Uncœplicatal 
Duraticxi 
Birth wei^t 
DevelOTment 
age of walking 
mcnths 
Examination 
Height (on) 
Weight (kg) 
Skull (cai) 
hereditary 
male 
37 
55 
46 
4 
4 
0.4 
2.8 
14 
7 
30 
40 
3319 
15 
177 
67 
56 
fanale 
27 
65 
35 
4 
4 
0.5 
3.3 
14 
3 
24 
40 
3149 
14 
166 
59 
54 
total 
64 
59 
41 
4 
4 
0.4 
3.0 
14 
10 
54 
40 
3249 
14 
172 
64 
55 
aoqnimi 
male 
21 
62 
36 
4 
3 
0.2 
2.5 
13 
12 
9 
38 
2940 
16 
171 
67 
55 
female 
22 
65 
28 
4 
3 
0.4 
2.9 
13 
16 
6 
37 
2636 
15 
166 
56 
54 
total 
43 
63 
32 
4 
3 
0.3 
2.7 
13 
28 
15 
38 
2784 
15 
169 
62 
55 
unknown 
male 
33 
64 
38 
3 
3 
0.4 
2.6 
14 
12 
21 
39 
2993 
17 
175 
66 
56 
fanale 
22 
65 
35 
4 
4 
0.6 
3.2 
14 
7 
15 
40 
3093 
16 
169 
61 
55 
total 
55 
65 
35 
4 
4 
0.6 
2.8 
14 
19 
36 
40 
3033 
16 
173 
64 
56 
total 
162 
62 
37 
4 
4 
0.4 
2.9 
14 
57 
105 
39 
3052 
15 
172 
63 
55 
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Heanng loss Average heanng loss of 500, 1000 and 2000 Hz in the best ear, 
measured recently 
Detection age The age at which the heanng loss was first noted 
Pregnancy Obstetric data of the pupil's mother, G = number of pregnancies, 
Ρ = number of deliveries, A = number of abortions 
Child number Sequence of the pupil m the number of pregnancies 
Complicated Complicated pregnancy and/or delivery of the pupil 
Uncomplicated Uncomplicated pregnancy and/or delivery of the pupil 
Duration Length of gestation (v, eeks) (λ terme = 40 weeks) 
Development Age at which the pupil started walking Other data were unreliable 
m this study 
Examination Data on height, weight and skull circumference measured dunng 
this studv 

X. SEX RATIO IN THE DEAF AND HEARING 
IMPAIRED 
X.1 LITERATURE 
Many authors have reported a male predominance among the hearing impaired 
which is larger than the slight surplus of males in the normal population. The 
population of hearing impaired and deaf consists of an average of 54% men and 
46% women (table X.l). 
Table X.1: Sex ratio among the deaf and hearing impaired 
Author 
Fisch 1976 
Fraser 1976 
Gallaudet College 1976 
Parving 1983 
Sellars and Beighton 1983 
Newton 1985 
cremers and Huygen 
unpublished data 1987 
Itotal 
Peculation 
number 
600 
2355 
41109 
117 
3064 
111 
3278 
50634 
Male 
number 
330 
1291 
22251 
62 
1714 
60 
1814 
27522 
% 
55 
55 
54 
53 
56 
54 
55 
54 
Female 
number 
270 
1064 
18858 
55 
1350 
51 
1464 
23112 
% 
45 
45 
46 
47 
44 
46 
45 
46 
The occurrence of sex-linked forms of deafness, which amounts to 2% at the most 
according to the literature, could not explain this surplus of males either. 
Martin et al. (1981) reported that the only country in which this sex difference 
has not been observed is the Netherlands. 
по 
However, from a recent count of all ex-pupils at the Dutch Institute for the Deaf 
in St. Michielsgestel, bom between 1818 and 1968, there appears to be a surplus 
of males as well, viz. 55% males against 45% females (Cremers and Hu>gen, un­
published data). 
X.2 PRESENT STUDY 
The study group of 162 pupils comprised 91 males (91/162=56%) and 71 females 
(71/162=44%). Comparison of these two groups according to the degree of hear­
ing loss (smaller or larger than 70 dB Fletcher Index) did not show a significant 
difference (figure X. 1 ). 
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Figure X.l : Differences between the sexes in 162 hearing-impaired school children 
related with the degree of hearing loss (Retcher Index) 
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An average hearing loss of 55 dB was measured in males with a hereditary cause 
compared with an average of 62 dB in the whole population (table IX.4). This dif­
ference is not significant. 
Although hereditary etiology was spread equally over both sexes, a significant 
difference was observed for the autosomal dominant form of hearing impairment 
(p 0.05) (figure X.2). An explanation for this phenomenon is lacking and in view 
of the small numbers (18 men, 5 women) it may be purely accidental. 
There was an equal distribution of acquired etiology over both sexes. The 
male/female ratio of 3:1 for icterus neonatorum, as the cause of the hearing loss 
reported by Fisch (1976) could not be confirmed in this study (table VII.3.5). 
Other parameters for pregnancy and the neonatal period, such as development and 
parameters found during the physical examination, did not show any remarkable 
differences between both sexes (table IX.4). 
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X.3 DISCUSSION 
In conclusion it can be said that hearing impairment c.q. deafness occurs more 
frequently among men (54%) than among women (46%) (table X.l). 
In spite of many hypotheses, a convincing explanation is lacking. 
All previous studies report a predominance of males (table X.l). A preference for 
male referrals rather than females to special educational institutes for the hearing 
impaired and deaf could form an explanation for the reported difference. In this 
respect the predominance of males, especially among the pupils with a hearing 
loss of less than 70 dB Fletcher Index (figure X.l), is noteworthy. 
We mainly expected to encounter a male predommance in the group of acquired 
causes. This study did not show any evidence of this. It is therefore necessary to 
examine the groups of genetic deafness and causes more carefully. 
The difference in the autosomal dominant disorders between the sexes is probab-
ly accidental because of the small number of subjects (18 men and 5 women). 
An X-linked mode of inheritance of hearing impairment or deafness is very rare. 
The Alport syndrome shows different patterns of inheritance and one of these is 
X-dominant. There are therefore twice as many affected females as affected 
males. All the pedigrees for subjects in whom we accepted an autosomal dominant 
pattern of inheritance are presented in Addendum I. 
Most of these pedigrees show a transmission of the hearing loss or of the syndrome 
from father to son, therefore an X-linked pattern of inheritance can be excluded; 
the X-dominant pattern of inheritance cannot explain the male predominance. 
In the X-recessive mode of inheritance female carriers are hardly affected. The 
X-linked syndrome with progressive mixed deafness (and perilymphatic gusher 
during stapes surgery) and Nome's syndrome are examples of this. This X-reces-
sive pattern of inheritance could therefore result in a surplus of affected males. 
On the basis of our criteria (VI.2.1 and VI.3.1), male pupils with an X-recessive 
mode of inheritance type of deafness without syndromal features will have been 
classified in the group unknown causes. Among the group of unknown causes 
there were 33 males and 23 females, so the surplus of in total 20 males (91 men, 
71 women; 162 pupils) can only be partly localized in the group of unknown 
causes. It is still an open option whether the X-recessive pattern of inheritance 
plays a role in providing an explanation for an essential part of the surplus of 
males with childhood deafness. The results of this study did not succeed in 
presenting a good explanation for the male predominance of childhood deafness. 
XI. THE SIGNIFICANCE OF AUDIOMETRIC 
TESTS IN THE DETECTION OF 
HETEROZYGOTE CARRIERS FOR GENES 
OF HEARING IMPAIRMENT/DEAFNESS 
XL1 LITERATURE 
Heterozygote carriers can be detected in a limited number of hereditary defects. 
For heterosomally-determined diseases, the specificity and sensitivity of the 
method used to detect the carrier can be determined better than for an autosomal 
recessive disease (Galjaard 1980). 
Andersen and Wedenberg (1968) reported that in a number of parents, conside-
red to be carriers of a gene of autosomal recessive deafness, a dip could be ob-
served on the Bekesy-audiogram at a frequency of 2000 Hz. Eight years later, the 
same investigation was published again in the same journal (Anderson and 
Wedenberg 1976). 
Mcleod et al. (1973) examined two families in which he found a sensorineural 
hearing loss for the higher frequencies in carriers. 
Parving (1978) reported that in carriers of Norrie's syndrome, with an X-reces-
sive pattern of inheritance, a dip was also observed on the audiogram at 2000 Hz. 
On the other hand, Cremers (1983) reported that in an X-recessive syndrome with 
mixed deafness (and perilymphatic gusher during stapes surgery) audiologic ab-
normalities could only be found in half of the obligate female carriers. 
Also other researchers reported that carriers could not be detected by means of a 
pure-tone audiogram (Tinkle 1933;Lindenov 1945;Secrétan 1954; Johnsen 1954; 
Stevenson and Cheeseman 1956; Wildervanck 1957; Aulbers 1959; Fraser 1964a; 
Marres and Cremers 1988). 
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XI.2 PRESENT STUDY 
ЛИ the parents of the 162 pupils (who were still alive) were examined audiometri-
cally. A standard pure-tone audiogram with air and bone conduction was per­
formed for the frequencies 250, 500,1000, 2000, 4000 and 8000 Hz. Where in­
dicated, relatives were also examined audiometrically. If doubts about the ac­
curacy of the audiogram arose, the half octave frequencies were also examined, 
in order to be able to detect a possible dip in the audiogram at 2000 Hz. The con­
tralateral stapedial reflexes were also elicited in a number of parents. 
No dip was observed on the audiogram at 2000 Hz in any of the parents with 
children with an autosomal recessive or unknown form of hearing loss, nor could 
abnormal contralateral stapedial reflexes be elicited. 
XI.3 DISCUSSION 
The number of genes for a non-syndromal autosomal recessive form of percep­
tive hearing loss is estimated by some authors to be between 36 and 45 (Steven­
son and Cheeseman 1956; Sank 1963). 
If the carriers of an autosomal recessive form of hearing loss can be detected 
audiometrically, then this can only be valid for one of the different types of 
autosomal recessive deafness. 
Anderson and Wedenberg's (1968; 1976) findings may very well be valid for only 
a few of the many autosomal recessive genes. A characteristic deviation in the 
audiogram, which could be regarded as characteristic of a carrier, could not be 
observed in any of the parents in this study, or in otlier recent studies. In view of 
the importance of detecting carriers for the purpose of genetic counselling, it 
would seem to be worthwhile to extend this research to include high-tone 
audiometry for the frequencies lying above 8000 Hz. Some doubt has arisen in 
our mind as to whether the results of Anderson and Wedenbcrg are reproducible. 
XII. RESULTS OF GENEALOGIC STUDIES 
AND THE IMPORTANCE OF DETECTING 
CONSANGUINEOUS MARRIAGES 
XH.1 LITERATURE 
Over the period 1906-1982, a constant decrease in the number of consanguineous 
marriages up to and including the fourth degree was observed in the Netherlands 
(Polman 1951; van Straaten 1966 and 1986). In this period 85% of the total num-
ber of consanguineous marriages involved marriages of first cousins (van Straaten 
1986). No data on the frequency of consanguineous marriages beyond the fourth 
degree are available in the Netherlands. 
The percentage of consanguineous marriages in South-East Holland (provinces 
of N. Brabant and Limburg) is below the national average. This can be explained 
by the fact that the majority of the people living in these provinces are members 
of the Roman Catholic Church. In the past their regulations for consanguineous 
marriages were stricter than those of any of the other religious communities in 
the Netherlands or any laid down by Dutch law (Polman 1951 ; van Straaten 1966). 
The frequency of consanguinity in studies on hearing impaired/dcaf people is 
reported to be between 3 and 17% (de Wilde 1913, Fehmers 1904; Stenvenson 
and Cheeseman 1956; Deraemaeker 1960; Cremers 1976). 
A history of consanguinity may be an important indication of an autosomal reces-
sive form of hearing impairment (Cremers 1976). 
XII.2 PRESENT STUDY 
In this study a genealogie pedigree up to and including the fifth generation could 
be made for 147 pupils (Appendix II). 
For a small number of pupils, a genealogie test could not be carried out because 
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the parents refused to cooperate during collection of the genealogie data or be-
cause the parents were of foreign descent. No consanguinity was reported for the 
parents who refused to cooperate. 
Consanguinity between the parents of the 147 pupils examined was found nine 
times in all (9/147=6%). In two cases the consanguinity occurred within the 4th 
generation, in four cases in the 5th (second cousins), once in the 6th and twice in 
the 7th (see figure 12.1). 
Seven of die consanguinities recognized made an important contribution to the diag-
noses, whereas for 2 pupils a different cause (other than autosomal recessive) had 
been accepted. In both cases the consanguinity was found in the fifth generation. 
XII.3 DISCUSSION 
This study again provides evidence of the importance of genealogie studies when 
investigating the etiology of childhood deafness. 
In comparison with many other countries, the state of the Dutch municipal and 
national archives is unique. 
It would be interesting to obtain information on the frequency of consanguinities 
among the Dutch population beyond the fourth generation. 
Consanguinity of the pupils' parents in whom an autosomal recessive 
XLI.l : cause for the hearing loss was accepted 
XIII. VESTIBULAR FUNCTION IN THE CASE 
OF HEARING IMPAIRMENT/DEAFNESS 
XIII.1 LITERATURE 
In the literature, only a few studies on the vestibular function of humans who have 
been deaf since early childhood have been carried out (Amvig 1955; Goldstein 
et al. 1958; Rosenblüt et al. 1960; Sandberg and Terkildsen 1965; Diepeveen and 
Jensen 1968; Frost and Miller 1971; Brookhouser et al. 1982). 
In these studies, the vestibular function was examined by means of caloric test-
ing which usually showed a positive correlation between the degree of hearing 
loss and vestibular dysfunction (Arnvig 1955; Sandberg and Terkildsen 1965; 
Diepenveen and Jensen 1968; Frost and Miller 1971; Brookhouser et al. 1982). 
Vestibular pathology has also frequently been observed after a post-infectious 
form of deafness (Amvig 1955; Goldstein et al. 1958; Sandberg and Terkildsen 
1965; Kaplan et al. 1981). 
Vestibular investigation did not contribute to determining the etiology of the hear-
ing loss in any of these studies. 
XIII.2 PRESENT STUDY 
The plan for routine vestibular examination of all pupils could only be executed 
in the first thirty pupils. Ultimately, 121 of the 162 (ex-)pupils (75%) underwent 
extensive examination of their vestibular function. The vestibulo-ocular reaction 
was measured after caloric stimulation and via the velocity-step test as described 
by Huygen (1979), Huygen and Nicolasen (1985) and Theunissen (1987). 
The results of the vestibular examination on the 121 pupils in the study group are 
shown in table XIII.1. In 36% of the cases, the vestibular function was normal, in 
23% hyperreactive and in 41% hyporeactive. 
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Table XIII.l: Vestibular function in 121 hearing-impaired pupils 
Ki'lOIOGÏ 
Hereditary 
Autosomal recessive 
Syndromes 
Others 
Autosomal dominant 
Syndrcmes 
Others 
Inheritance unclear 
Acquired 
Prenatal 
Rubella 
Teratogenic 
Medication 
Perinatal 
Kemicterus 
Other perinatal 
causes 
Meningitis 
Postnatal 
Meningitis 
Chron.otitis 
Medication 
Measles 
Unknown 
Total 
Percentage 
vEsrœoiAR ршепш 
Normal 
number 
24 
16 
4 
12 
8 
1 
7 
8 
3 
2 
1 
2 
2 
3 
1 
11 
43 
36% 
Hyperreactive 
number 
6 
2 
2 
4 
1 
3 
8 
1 
1 
6 
5 
1 
1 
1 
14 
28 
23% 
Hyporeactive 
number 
16 
7 
1 
6 
6 
1 
5 
3 
17 
6 
5 
1 
3 
2 
1 
8 
5 
1 
2 
17 
50 
41% 
UMÄL 
number 
46 
25 
5 
20 
18 
3 
15 
3 
33 
10 
8 
2 
11 
7 
3 
1 
12 
5 
1 
3 
1 
42 
121 
percentage 
38% 
21% 
15% 
2% 27% 
8% 
9% 
10% 
35% 
100% 
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Decreased vestibular function was found to an equal degree among the categories 
hereditary, acquired and unknown. 
In the case of an acquired cause, the greater part of the vestibular dysfunction 
measured appeared to be of the hyporeactive type. This holds especially true after 
meningitis and, to a lesser degree, after a rubella infection during pregnancy. 
Hyporeflexia was found more frequently among the pupils with a hearing loss of 
above 90 dB Fletcher Index (table ХШ.2). The difference was significant in this 
study (X2=8.82 with one degree of freedom: ρ <0.05). 
Table XIII.2: Incidence of vestibular hyporeflexia in relation to the degree of hear­
ing loss 
Hearing loss 
(Fletcher Index) 
Less than 90 dB 
Fran 90 dB 
Vestibular Function 
Hyporeflexia 
38 (36%) 
12 (80%) 
50 
Normal and 
hyperreflexia 
68 (64%) 
3 (20%) 
71 
Total 
106 (100%) 
15 (100%) 
121 
The hypofunction section comprises four pupils who showed vestibular areflexia. 
None of these four pupils complained of having suffered from vertigo or im­
balance. It was only after careful questioning that they admitted having signs of 
the Dandy-syndrome (oscillopsia during head movements and disturbance of gait 
in the dark) (Baloh and Honrubia 1979). 
In one of these cases the cause of the hearing loss was meningitis (table VII.3.5 
case C) and in another thalidomide medication (VII.4.5.1). The other two pupils 
with vestibular paresis are discussed below. 
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Case I 
Female, born in ¡965. Hearing loss, noticed at the age of ! .5 years showed a downward 
slope with a Fletcher Index of 105 dB. At the age of 20, her hearing in the left ear 
deteriorated after a period of complaints of vertigo. At present she has a loss of 128 dB 
Fletcher Index. 
Pregnancy andperinatalperiodwere normal. Exceptforspeech-language development, 
she had normal psychomotor development. A t the age of 6 she had a mild measles infec-
tion. Laboratory tests did not reveal any abnormalities. Apart from a wider pupil on the 
right side, ophthalmologic examination did not show any other abnormalities. Physical 
examination, including reflexes, was normal, therefore Adie's syndrome is improbable. 
At the age of 20, she went through a period of vertigo and headaches accompanied by 
a drunken gait without the tendency to fall. Extensive neurologic investigation showed 
no defects. 
The EEG was normal, there were no signs of increased intracranial pressure and tomog-
raphy of the petrous bones sfwwed normal findings. 
Equilibrium tests showed a total absence of vestibular function. 
The parents have normal hearing which has been confirmed audiometrically. Two 
second paternal cousins from one family have an autosomal recessive form of hearing 
impairment. The equilibrium of one of these cousins was examined and turned out to be 
normal. 
A genealogie study carried out up to the fifth generation did not show any consanguinity 
between the parents. An autosomal recessive form of hearing impairment was accepted 
as the cause (VI.2.1). 
Case! 
Male, born in 1961. The hearing loss, noticed at the age of 4.5 years was stable and sen-
sorineural: on the right side 70 dB and on the left 63 dB Fletcher Index. 
Pregnancy andperinatal periodwere normal. Exceptfor speech-language development, 
he had normal psychomotor development. At the toddler age he had the usual childfwod 
diseases and passed through them without complications. 
Laboratory tests, physical and ophthalmologic examinations showed no abnormalities. 
When his equilibrium was examined, vestibular areflexia of both labyrinths was found. 
Audiometrie and vestibular tests of the parents showed no defects and the 5 sibs also 
had normal hearing. Hearing impairment did not occur in the family and genealogie 
studies carried out up to the fifth generation did not show any consanguinity between 
the parents. 
The cause of the hearing impairment as well as the vestibular areflexia remains un-
known. 
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XIII.3 DISCUSSION 
The distribution of the causes of hearing loss among the 121 pupils who under-
went vestibular examination is comparable with the total group of 162 pupils 
(tables XIII. 1 and IX. 1). 
In order to compare our results with those from the literature, no distinction was 
made between normal and hyperreflexic pupils because of the absence of hyper-
reflexia in other studies. The correlation between vestibular function and the de-
gree of hearing loss was quite clear in our study and in agreement with data 
reported in other studies (Amvig 1955; Sandberg and Terkildsen 1965; Diepeveen 
and Jensen 1968; Frost and Miller 1971; Brookhouser et al. 1982). 
The results of the vestibular examinations in this study did not contribute to the 
detection of the etiology of the hearing loss. 

XIV. RESULTS OF THYROGLOBULIN 
ESTIMATION FOR THE DETECTION OF 
PENDRED'S SYNDROME AMONG DEAF 
PEOPLE 
XIV.1 INTRODUCTION 
Familial goiter and nerve deafness are associated with Pendred's syndrome 
(Pendred 1896). Pendred's syndrome is usually diagnosed by an isotope-scan with 
the use of Potassium Perchlorate. 
To examine the whole study population, a new detection method was looked for. 
Pendred's syndrome, the background and results of our detection methods will 
be discussed. 
XIV.2 LITERATURE 
As already mentioned above, Pendred's syndrome is characterized by sensori-
neural deafness and goiter. In 1960 Fraser, Morgans and Trotter named it after 
the English physician Vaugham Pendred who had described these clinical 
symptoms in 3 sisters in 1896 (Pendred 1896; Fraser et al. 1960). 
Deraemacker (1956) was the first to establish the autosomal recessive pattern of 
inheritance. The penetrance of the affected gene seems to be very high. The fre-
quency of Pendred's syndrome among the deaf is estimated to be 3-5% (Fraser 
1965; Cremers et al. 1982). 
Usually, the hearing loss is symmetrical and sensorineural; it is practically always 
profound and manifests itself more often at higher frequencies. Less serious hear-
ing losses have also been described (Nilsson et al. 1964; Johnsen et al. 1987). 
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The hearing loss is congenital and is usually detected in the first few years of life 
(Fraser 1965; Cremers 1976; Bergström 1980). 
Johnsen et al. (1987) are the only ones who have been able to show progression in 
the hearing loss. A cochlear lesion had already been suspected because of the 
presence of recruitment. Recent histopathologic studies have confírmed this opinion 
(Hvidberg-IIansen et al. 1968; Johnsen et al. 1986). 
Decreased vestibular function was described in more than half of the cases (Fraser 
1965; Koningsmark and Gorlin 1976, Bergström 1980; Johnsen et al. 1987) 
Polytomographic investigation has resulted in some descriptions of cochlear mal-
formations of the Mondini type (Jensen 1969; Ilium et al. 1972; Johnsen et al. 1987), 
but these have not been confirmed by others (Cremers 1976a; Bergström 1980). 
Hvidberg-IIansen et al. (1968) found abnormally wide semicircular canals and 
only two cochlear convolutions in their histologic investigation. The membranous 
labyrinth was strongly dy splastic and the hair cells and supporting cells were prac-
tically absent. 
Johnsen et al. (1986) recently described histopathologic findings in 5 Pendred 
patients, in whom Mondini's dysplasia of the cochlea was diagnosed. In three of 
these cases no anomalies were visible on previous polytomograms. 
Clinically speaking, these patients are usually euthyroid due to compensatory in-
creased hyperplasia of the thyroid gland. 
A study on the thyroid defect indicated that it is a matter of partial failure of nor-
mal Iodide organification (Morgans and Trotter 1958). 
The diagnosis of a partial defect can be made by the Perchlorate test. 
After administering radioactive Iodide, the Iodide concentrating capacity of the 
thyroid is measured. After a few hours, the absorption of Iodide is deliberately 
stopped temporarily by the administration of a Perchlorate or thiocyanate com-
pound. This disrupts the balance between the absorption and diffusion of Iodide. 
If there is a relatively high concentration of Iodide in the thyroid compared with 
the concentration of serum Iodide, then the activity measured over the thyroid 
gland will decrease to a minimum level when the absoprtion mechanism is block-
ed by Perchlorate (Takeuchi et al. 1970; Cremers 1976, 1976a). This only hap-
pens when the total quantity of Iodide in the diet is normal (100 - 200 grams each 
day for adults and older children). 
Burrow et al. (1972 and 1973) and Niepomniszcze et al. (1978) concluded that 
the peroxidasis system functions normally and that the colloid-thyroglobulin con-
tent is low. It has not yet been possible to find out what biochemical defect causes 
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this syndrome (Medeiros-Neto et al. 1968; Milutinovic et al. 1969; Burrow et al. 
1972; Ljunggren et al. 1973; Desai et al. 1974). 
Thyroglobulin has a low iodide content and a normal structure. 
In view of the lodide-organification defect, it is very probable that a defect in the 
thyroid oxidation system causes a decrease in the formation of hydrogen peroxide 
(de Vijlder, personal comment 1987). 
ХІ .З DETERMINATION OF THYROGLOBULIN AS 
SCREENING METHOD 
Although the potassium Perchlorate test carried out by Cremers in 1976 using *" I 
gives a much lower radiation dose than " I, this screening method is regarded as 
being too invasive a method nowadays for use in retrospective studies on the 
causes of hearing impairment. Therefore, we looked for another mode of inves­
tigation which could be considered acceptable for our study group keeping in 
mind the amount of radiation and the cost. 
There is no specific biochemical test on serum or urine available at present for 
this syndrome. 
It is a well-known fact that an increase in TSII brings about an increased con­
centration of plasma Tg (Herle et al. 1979). It is possible that Tg leakage occurs 
between the cells into the serum, via the tight junctions. Hyperplasia also gives 
rise to narrowing of the tight junctions (van Uijen 1986). 
Gons et al. (1983) found highly increased concentrations of Tg in the serum of 
patients with organification defects (800 - 2000 μg/l), including one case of 
Pendred's syndrome, compared with those in normal subjects (5 - 35 μg/l). 
The examination of 5 deaf adolescents with a partial organification defect also 
showed extremely high serum thyroglobulin values. 
We hypothesized that in a thyroid gland which has been anatomically changed as 
a result of hyperplasia, the colloid-thyroglobulin diffuses from the colloid into the 
plasma. Indications were given to support this hypothesis in Herle's et al. (1979) 
and van Dijk's studies (1981). 
146 
ХІ .4 PRESENT STUDY 
On the basis of the above-mentioned hypothesis we chose to test the thyroglobulin 
concentration in the serum as a screening method for Pendrcd's syndrome for this 
research population. 
Normal thyroglobulin values were measured in all 162 pupils. 
The Iodide and creatinine content in the urine of an unselected group of 20 pupils 
gave normal results. We have assumed that the iodide content in the diet of this 
study group does not deviate from the rest of the Netherlands. 
The Thyroid-stimulation hormone (TSH) content was determined for 94 pupils 
in whom the cause of hearing loss could not be traced exactly or who had an 
autosomal recessive etiology without any syndromal symptoms. The results were 
normal for all 94 pupils. 
The thyroglobulin content of an unselected sample of 76 pupils was compared 
with a sample of 60 people with normal hearing. 
The relative frequency in these two groups turned out to be equal as far as the 
thyroglobulin content in the blood was concerned (figure XIV. 1). 
XIV.5 DISCUSSION 
In this study, Pendred's syndrome could not be detected by determining the 
thyroglobulin content. As a result, the reliability of the screening method could 
not be tested. 
As the frequency of Pendred's syndrome among deaf and hearing-impaired people 
is 5%, we expected about 8 pupils to have this disease. 
In the literature case histories show that Pendred's syndrome occurs less frequent­
ly among the hearing impaired than among the deaf, which might explain the ab­
sence of any cases in our study group. The absence of elevated TSH levels also 
supports the notion that we did not miss any cases with Pendred's syndrome in 
our study population. As a result of this phenomenon, no conclusions could be 
drawn from the results of this study. 
It may be useful to test this simple and cheap screening method on patients with 
the diagnosis Pendred's syndrome, as confirmed by the Perchlorate test and who 
have not yet undergone medical treatment. 
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XV COMMENT 
A study on the causes of childhood hearing loss and deafness involves a large 
number of diseases. The causes are usually divided into hereditary and acquired 
causes, with an additional group of unknown etiology. 
The discussion of the research findings on the seperate causes and diseases is in­
cluded in the presentation of the results for the sake of clarity. 
This comment is therefore limited to a number of main points. For review pur­
poses a summary of the results will be presented. For a more detailed description, 
the reader is referred to sections VI.2.5; VI.3.5; VI.7; VII.2.2.5; VII.2.3.3; 
П.2.4.3; VII.3.1.4; VII.3.2.4; VII.4.2.9; П.5.6; VII.6.3; VII.7; Ш.З; X.3; 
XI.3; XII.3; XIII.3; XIV.5. 
Although most of the studies in the literature originate from the northern part of 
Western Europe and are therefore of even more relevance, they differ greatly with 
regard to the composition of the research population and study methods. For these 
reasons previous studies cannot provide a satisfactory answer to some of the ques­
tions raised in this thesis. For example, in nearly all the studies hearing impaired 
and deaf subjects were not considered separately. Profoundly deaf people with an 
average hearing loss of more than 90 dB have only been studied as a separate 
group in one Dutch report. The autosomal dominant mode of inheritance was 
found in a remarkably low percentage of persons examined in this study. 
Deafness and hearing loss are usually due to a disease process without any fur­
ther symptoms or signs. The degree of hearing loss varies for different diseases, 
although some show audiometrically recognizable forms of deafness. The degree 
and type of hearing loss are therefore important parameters which should be in­
corporated in the investigation of the causes of hearing loss. 
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This study focusses on the etiology of sensorineural childhood hearing loss. Spe-
cial attention is paid to the differences between the autosomal dominant and 
autosomal recessive forms of deafness in relation to the degree of hearing loss. 
The study population was divided into groups, according to the degree of hearing 
loss, per 10 dB. The powers of discrimination at a hearing loss of 80-90 dB ap-
peared to decrease to such an extent that it would probably be more accurate to 
speak of functional deafness. This level of hearing loss therefore received extra 
consideration. 
The present study comprised 162 hearing-impaired (ex-)pupils at a school for the 
hearing impaired. They were all bom between January 1,1960 and December 31, 
1975 and had a recently established average hearing loss of 35 dB Fletcher Index 
or more in the better ear. 
The compilation of the group of hearing-impaired pupils at this school formed a 
representative sample of the population of pupils at other schools for the hearing 
impaired in the Netherlands. There were no indications that these pupils were any 
different from the total population of hearing-impaired youngsters in the Nether-
lands (Chapter IV). 
All pupils were visited at home and additional diagnostic procedures were sub-
sequently performed. The latter consisted of physical, ENT, otologic, ophthal-
mologic and vestibular examinations and blood tests for thyroglobulin and TSH 
levels and a TPHA test. The parents were also subjected to audiometrie tests and 
genealogie studies were perfonned which extended to the fifth generation. 
A hereditary cause was established in 64 pupils (64/162=40%), an acquired cause 
in 43 pupils (43/162=27%) and the cause remained unknown in 55 pupils 
(55/162=34%) despite thorough investigation. 
An acquired cause was accepted for 43 (ex-)pupils (43/162= 27%). Rubella 
(9/162=6%), kemicterus (10/162=6%) and meningitis (9/162=6%) were found to 
be the main causes and occurred with the same frequency. Detecting the cause of 
an acquired hearing loss in the postnatal period was generally easier than in the 
pre and perinatal periods. 
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The question raised in this study with regard to the difference in prevalence of 
hereditary causes among hearing-impaired and deaf people, could be answered 
in the light of our own research results. 
An autosomal dominant etiology was present significantly more often in the hear-
ing-impaired population, particularly among those with a slight hearing loss, than 
in the deaf population (VI.3.5). This has never been previously stated in the litera-
ture.. (Chapter II) 
An autosomal dominant etiology was found in 21 of the 116 pupils with a hear-
ing loss of between 35 and 70 dB Retcher Index as opposed to 2 in the group of 
46 pupils with an average hearing loss of more than 70 dB Fletcher Index. This 
difference is significant (Xi2=4.05 and p<0.05). 
In this study autosomal recessive hereditary forms of hearing impairment were 
seen relatively more frequently in the group with a hearing loss of 80 dB Fletcher 
Index and above [10 of the 39 pupils at 80 dB and above (29%), against 28 of the 
124 pupils under 80 dB (23%)]. The difference is not significant. The higher 
prevalence of unknown or acquired etiologies of hearing loss between 60 and 90 
dB Fletcher Index (Figure IX.l) is also not significant. 
The Usher syndrome, as a hereditary cause, was established in 5 (ex-)pupils. In 
4, this was an unexpected diagnosis. It was possible to make this diagnosis on the 
basis of the routine ophthalmologic examinations of all the pupils. In view of the 
frequent occurrence of the Usher syndrome in young people with a slight hearing 
loss, it is considered worthwhile to subject the hearing impaired to ophthalmologic 
examinations. As the typical ophthalmologic picture does not manifest itself until 
the first or second decade, it is advisable to conduct routine examinations 
throughout adolescence. It appears to be of importance to offer early visual assis-
tance and guidance as well as early auditory help. In this way a pupil can be made 
aware of the situation and give it due consideration when choosing a profession 
and, thus, in our experience, avoid unnecessary auditory and visual occupational 
handicaps at a later date. 
By vaccinating young children against rubella and by blocking rhesus antagonism 
in rhesus negative mothers, the prevalence rates of rubella and kemicterus as 
causes of deafness are expected to decrease further. Conversely, meningitis will 
probably remain a major cause of childhood deafness. 
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In this study we were unable to establish the cause of deafness in 55 pupils on the 
basis of the criteria employed (55/162=34%) (Chapters VI and VII). This per­
centage correlates with the findings reported in recent studies by other authors 
(Table II. 1). During the genetic counselling of individual pupils, any indicators 
of the cause of deafness, such as those encountered in 28 pupils, were often taken 
into consideration. 
In this study, it appeared that the cause of deafness could not be established in a 
fairly large proportion of the study group. The main reason for this was that in 
many cases of early childhood deafness no mode of inheritance could be estab­
lished. Another reason which played a less important role was the fact that insuf­
ficient data were available on which to base a diagnosis. As is always the case 
with a retrospective study which extends over a long period of time, it was dif­
ficult to obtain an adequate amount of accurate information. This difficulty was 
minimized, however, because the majority of pupils studied were or had been 
patients at our University Hospital. Most of them had undergone complete and 
thorough otologic, audiologic and pediatric examinations in early childhood. 
We attempted to achieve a higher percentage of diagnoses by incorporating cer­
tain tests, such as a vestibular examination, an investigation for detecting 
audiometrie characteristics of heterozygote carriers of an autosomal recessive 
gene for deafness, analysis of the sex ratio and by testing a new screening method 
for the Pendred syndrome. 
Few reports have appeared in the literature containing detailed information on the 
vestibular function of hearing impaired and deaf people (ХШ.1). In this study 121 
pupils were subjected to thorough vestibular investigation. It appeared that 41% 
were hyporeflexive. In 43 pupils (36%) the labyrinth was found to function nor­
mally and 28 (23%) were diagnosed as being hyperreflexive (XIII.2). The results 
of the vestibular examinations did not make any important contribution to the 
determination of the etiology of the hearing loss. 
Several reports in the literature mention that heterozygote carriers of an autosomal 
gene for deafness can be recognized audiomctrically by a dip in the audiogram at 
a frequency of 2000 Hz (XI.l ). None of the parents who underwent audiometrie 
examination showed this abnormality. It is possible that this phenomenon only 
occurs in certain autosomal recessive forms of deafness. 
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The Pendrcd syndrome is one of the more frequently observed hereditary 
syndromes among deaf people (XIV. 1 ). An experimental screening method, con-
sisting of a serum thyreoglobulin and TSH test, was employed to detect this 
syndrome in our study population. No abnormalities were found and the distribu-
tion correlated with that in the normal population (XIV.3). It was not possible for 
us to determine the reliability of this screening method, because it is very unlike-
ly that the Pendred syndrome was present in our population. 
Our study group comprised 91 males (91/162=56%) and 71 females 
(71/162=44%). Comparison of the degree of hearing loss between males and 
females showed a remarkable preponderance of males with a hearing loss of less 
than 70 dB. In contrast to what we would have expected, this preponderance was 
not observed in the group with an acquired form of hearing loss. The 
predominance of males in the autosomal dominant group was considered to be 
accidental. The group of unknown causes contained 33 males and 22 females. 
There were 20 more males than females in the total study group and a large propor-
tion of the surplus males was classified under unknown causes. This supports our 
supposition that the X-recessive mode of inheritance could play a more important 
role in childhood deafness than is suggested in the literature. 
The results of this study show that in people who have been hearing impaired 
since their early youth, it is possible to establish the cause of the hearing impair-
ment in a fair number of cases through careful investigation. The relatively large 
group with unknown causes presents great difficulties, also with regard to later 
genetic counselling. Some of these cases may be the result of an autosomal reces-
sive mode of inheritance. Owing to the fact that in this retrospective investigation 
completed families were usually encountered, the chance of determining an 
autosomal recessive cause was greater because of the presence of siblings who 
might also be affected. If this study had been aimed at families with only one hear-
ing impaired or deaf child, the group of unknown causes would have been much 
larger. 
The above illustrates the problems which often arise when a deaf child is bom 
and the parents with normal hearing seek genetic counselling. It is therefore neces-
sary to stimulate research into gene linkage and subsequent gene localization for 
all genes which are responsible for hearing impairment and deafness. Gene 
linkage has recently been successfully demonstrated in the X-linked Alport 
syndrome, the X-recessive progressive mixed deafness syndrome with perilym-
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phatic gusher during stapes surgery, X-recessive Nome's disease, osteogenesis 
imperfecta and Morbus Recklinghausen. In the not too distant future we hope that 
other researchers will publish the results of studies which are presently being un-
dertaken to detect defects at chromosomal level in the Usher syndrome and the 
BOR syndrome. With the advent of these new possibilities, it will be easier to 
make more accurate diagnoses at an earlier stage, particularly where the detec-
tion of autosomal recessive forms of deafness are concerned. The above-men-
tioned examples illustrate that it is easier to detect gene linkage in the case of 
sharply defined clinical symptoms, preferably in a large family with an autosomal 
dominant or an X-linked mode of inheritance, than it is with autosomal recessive 
symptoms, particularly when one is dealing with clinically indistinguishable 
hereditary symptoms which can only be identified at chromosomal level. In order 
to conduct gene linkage studies, priorclinical genetic investigations, such as these, 
are essential. It would therefore seem worthwhile to promote international 
cooperation in the form of working groups, so that researchers can join forces to 
collect data on informative families and combine them for the purpose of genetic 
studies. The significance of this for optimal genetic counselling is obvious. 
APPENDICES I 
Pedigrees of hearing impaired pupils with an 
autosomal dominant mode of 
inheritance 
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SUMMARY 
In this thesis the most frequent causes of hearing loss in early childhood are dis-
cussed. 
Chapter II examines the known causes and those mentioned most often in pre-
vious studies in this field. 
The results of these studies cannot be readily compared due to differences in the 
composition of the study populations, methods of research and the criteria on 
which an etiology was accepted. 
Deaf as well as hearing impaired people were examined in nearly all studies. Only 
one study discussed a population of solely deaf people, with hearing losses of 
above 90 dB Fletcher Index. In this study an autosomal dominant cause was 
remarkably uncommon. 
In Chapter III the questions to be answered in this thesis are formulated. 
In Chapter IV the composition of the study population is described. It comprised 
162 (ex-)pupils from a school for the hearing impaired in Nijmegen who were 
bom between January 1 1960 and December 31 1975 and had an average hearing 
loss of 35 dB or more Fletcher Index in the best ear. Sound arguments are given 
to support the notion that the population examined was representative of the pupils 
at schools for the hearing impaired in the Netherlands. 
The study methods are discussed in Chapter V. 
In Chapter VI the known hereditary causes mentioned in previous studies and 
our own results are discussed in detail. A hereditary cause was found in 40% of 
the pupils (64/162 = 40%). They all met the criteria on which a hereditary cause 
was accepted. 
An autosomal recessive mode of inheritance was found in 23% (38/162 = 23%), 
whereas 14% (23/162 = 14%) were found to have an autosomal dominant pattern 
of inheritance. 
In 3 pupils a hereditary cause was accepted although the pattern of inheritance 
remained unclear. 
An interesting finding which has not been previously documented in the litera-
ture, is that an autosomal dominant form of hearing loss was present more fre-
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quently among pupils with less severe hearing losses. The difference was sig­
nificant in this study. 
An autosomal recessive mode of inheritance was found more frequently among 
the severe hearing losses. This difference was not significant, probably because 
of the small number of pupils with a severe hearing loss in this study. 
The Usher syndrome was diagnosed in 5 pupils (5/162 = 3%). This finding was 
a surprise for 4 of them. 
In Chapter VII the acquired causes are discussed. 
The literature in this field was studied carefully in order to determine which 
parameters should be used to diagnose an acquired cause. In this study an acquired 
cause was found in 27% (43/162 = 27%), most frequently in the postnatal period. 
Rubella, icterus and meningitis were found to be the most frequent causes. 
In Chapter Ш the group of pupils with an unknown etiology for their hearing 
loss are discussed. 
If the criteria for diagnosis were not met, or if more than one cause was possible, 
the cause was classified as unknown. In this study 34% (55/162 - 34%) were clas­
sified under cause unknown. No possible causes could be found in only 17% 
(27/162 = 17%) of the pupils. 
In Chapter IX the different etiologies and their correlation with the degree of 
hearing loss and other parameters are demonstrated. 
In Chapter X the greater incidence of men against women in the study popula­
tion was found to agree with previously published data. The sex difference ap­
peared to be related to the degree of hearing loss and the etiology. No explana­
tion could be found for this phenomenon. 
In Chapter XI the detection of heterozygote carriers of autosomal recessive genes 
of deafness is discussed. We were not able to recognize these carriers by means 
of audiometrie tests. 
In Chapter XII areport is given on consanguineous marriages in the Netherlands. 
Consanguinity was found in 6% (9/147 = 6%) of our population by means of 
genealogie studies, which contributed to establishing the diagnosis in most of 
these cases. 
In Chapter XIII the results of vestibular examination of the major portion of the 
study population are presented. A hyporeactive labyrinth was found in 41% 
(50/121 = 41%). These results did not make any contribution to the diagnosis. 
In Chapter XIV Pendred's syndrome is discussed. We evaluated thyroglobulin 
estimation as a screening test for Pendred's syndrome, which did not prove to be 
effective in this study. None of the pupils showed clinical features of this 
syndrome, so no cases with Pendred's syndrome could be traced. We were un­
able to answer the question of whether this screening method is reliable, because 
Pendred's syndrome seems to occur infrequently among people with a mild hear-
ing loss. 
In Chapter XV the research questions are each discussed in turn and some recom-
mendations are given for further research. 
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SAMENVATTING 
In dit proefschrift worden de meest frequente oorzaken van slechthorendheid op 
jeugdige leeftijd besproken. 
In Hoofdstuk II wordt een overzicht gegeven van de meest recente studies op dit 
gebied. De uitkomsten van deze studies zijn niet zonder meer met elkaar ver-
gelijkbaar door verschillen in samenstelling van de onderzoekspopulatie, onder-
zoeksmethoden en criteria waarop een etiologie werd aangenomen. In vrijwel alle 
studies worden zowel doven als slechthorenden onderzocht. Slechts een studie 
omvat een populatie van alleen doven. Juist in die Nederlandse studie werd een 
autosomaal dominante oorzaak zo opvallend weinig aangetroffen. 
De vraagstellingen voor deze studie worden in Hoofdstuk III geformuleerd. 
In Hoofdstuk IV wordt de samenstelling van de onderzoekspopulatie 
besproken, welke bestaat uit 162 leerlingen en oudleerlingen van een slechthoren-
denschool te Nijmegen. De (oud)leerlingen zijn geboren tussen 1 januari 1960 en 
31 december 1975, en hebben een gehoorverlies van meer dan 35 dB Fletcher 
Index gemeten op het beste oor .Gronden werden aangevoerd waarom de onder-
zochte populatie ook representatief geacht wordt voor de slechthorende scholen 
in Nederland. 
De toegepaste onderzoeksmethoden worden besproken in Hoofdstuk V. 
In Hoofdstuk VI worden naast de hereditaire oorzaken welke vanuit de literatuur 
bekend zijn.de eigen onderzoeksresultaten nader toegelicht. Een hereditaire 
etiologie werd bij 40% van de pupillen aangenomen aan de hand van vooraf op-
gestelde criteria (64/162=40%). Een autosomaal recessieve erfgang kon bij 38 
pupillen worden vastgesteld (38/162=23%),terwijl bij 23 pupillen (23/162=14%) 
de erfgang autosomaal dominant was. 
Bij 3 pupillen werd een hereditaire oorzaak aangenomen, hoewel de erfgang on-
bekend was. 
Een opvallende bevinding, welke nog niet eerder in de literatuur werd beschreven, 
is dat een autosomaal dominante overerving relatief frequenter wordt aangetrof-
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fen onder de geringere gehoorstoornissen. Dit verschil was in deze studie sig-
nificant. 
Een autosomaal recessieve vorm van oververving werd relatief frequenter aan-
getroffen onder pupillen met ernstigere gehoorverliezen. Het aantal (oud)leerlin-
gen met een ernstig gehoorverlies in deze studie is gering en de verschillen zijn 
niet significant. 
Het syndroom van Usher werd in deze studie bij 5 pupillen vastgesteld 
{5/162=;3%). Voor 4 van hen was dit een onverwachte diagnose. 
In Hoofdstuk VII worden de verworven oorzaken besproken. In de literatuur 
werd nagegaan welke diagnostische criteria doorgaans gehanteerd worden om een 
verworven oorzaak aannemelijk te maken. In deze studie werd een verworven 
oorzaak bij 43 pupillen vastgesteld (43/162=17%), het meest frequent ontstaan in 
de postnatale periode. Onder de verworven oorzaken werden rubella, icterus en 
meningitis in een gelijke frequentie van 6% aangetroffen. 
In Hoofdstuk VIII worden de pupillen besproken waarvan de oorzaak van het 
gehoorverlies onbekend is gebleven. Indien niet aan de criteria voor diagnoses-
telling kon worden voldaan, of indien meer dan een oorzaak werd overwogen, 
werd de oorzaak als onbekend gerubriceerd. Slechts bij 27 pupillen werd geen 
enkele aanwijzing aangetroffen (27/162=17%). 
In Hoofdstuk IX wordt een overzicht gegeven van de resultaten van deze studie 
in tabelvorm, gerangschikt naar oorzaak, de mate van gehoorverlies, en andere 
parameters. 
In Hoofdstuk X bleek dat het gevonden mannenoverschot van 56% tegenover 
44% vrouwen overeenstemde met de literatuurgegevens. Er is tot op heden geen 
goede verklaring gegeven voor dit verschil. 
In Hoofdstuk XI wordt de betekenis van audiometrie voor het opsporen van 
heterozygote carriers van een autosomaal recessief gen voor doofheid besproken. 
In deze studie konden deze carriers niet worden herkend met behulp van 
audiometrisch onderzoek. 
In Hoofdstuk XII wordt de frequentie van consanguine huwelijken in Nederland 
besproken. In deze studie kon met behulp van genealogisch onderzoek 9 maal 
(9/162=6%) een consanguiniteit worden vastgesteld,hetgeen veelal bijdroeg in de 
diagnosestelling. 
In Hoofdstuk XIII wordt de vestibulaire functie bij doven en slechthorenden be-
sproken. In de literatuur zijn hierover weinig gedetailleerde gegevens bekend. In 
deze studie werden 121 pupillen uitgebreid vestibulair onderzocht 
(121/162=75%). 
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In 36% werd een normale vestibulaire functie gemeten(43/l 21 =36%), in 41 % een 
hyporeflexie en in 23% een hyperreflexie. Het vestibulaire onderzoek leverde 
geen bijdrage aan het opsporen van de oorzaak van de gehoorstoomis. 
In Hoofdstuk XIV wordt het Pendred syndroom behandeld. Onderzocht werd of 
bepaling van hetThyreoglobulinegehalte als screeningsmethode kan dienen voor 
het detecteren van het Pendred syndroom. In deze studie kon met deze methode 
en het lichamelijk onderzoek het Pendred syndroom niet worden vastgesteld. De 
vraag of deze screeningsmethode valide is kon daarom niet worden beantwoord. 
Het is mogelijk dat het Pendred syndroom onder slechthorenden minder frequent 
voorkomt dan onder doven. 
In Hoofdstuk XV worden de vraagstellingen puntsgewijs behandeld. Aanbeve-
lingen worden gegeven over verder onderzoek naar het opsporen van de oorzaken 
van gehoorstoomissen op jeugdige leeftijd. 
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STELLINGEN 
behorende bij het proefschrift 
CAUSES OF EARLY CHILDHOOD DEAFNESS 
Peter M. van Rijn 
Nijmegen, 10 mei 1989 
Slechthorendheid en doofheid op jeugdige leeftijd hebben veelal dezelfde oor-
zaken. 
(Dit proefschrift) 
Gehoorverliezen die door een autosomaal dominante overervende aandoening 
zijn ontstaan komen onder slechthorenden, met een gehoorverlies van minder dan 
70-80 dB Fletcher Index, significant frequenter voor dan onder doven. 
(Dit proefschrift) 
Voor ruim een op de drie kinderen met een ernstige slechthorendheid of doofheid 
blijft, ook na intensief onderzoek, de oorzaak van de gehoorstoornis onbekend. 
(Dit proefschrift) 
Wanneer aandacht wordt geschonken aan de specifieke configuraties bij 
audiometrisch onderzoek van gehoorgestoorden, kunnen meerdere vormen van 
gehoorverlies worden opgespoord. Het verdient aanbeveling om in de toekomst 
hierbij ook de hoge tonen audiometrie te betrekken. 
(Dit proefschrift) 
Het verdient aanbeveling om gehoorgestoorden in de adolescentie aan een 
oogheelkundig onderzoek te onderwerpen. 
(Dit proefschrift) 
Het verdient aanbeveling om onder personen met het Pendred syndroom, die niet 
met hormonale substitutie worden behandeld, het Thyreoglobuline gehalte in het 
serum te bepalen. 
Het nut van de shunt operatie van de saccus endolymphaticus als therapie voor 
de ziekte van Meniere dient betwijfeld te worden. 
(JJ. Manni, 1987, proefschrift, Nijmegen) 
Kennis en inzicht omtrent de etiologie van hun eigen gehoorverlies kunnen bij 
gehoorgestoorden en hun naaste familieleden onnodige ongerustheid wegnemen. 
Nieuwe kennis te verkrijgen uit gen-koppelings studies bij niet syndromaal 
bepaalde autosomaal recessief overervende gehoorverliezen op jeugdige leeftijd 
is nodig om de oorzaak van het gehoorverlies in het individuele geval te helpen 
onderkennen. 
De mogelijkheden van reconstructieve middenoorchirurgie zijn vergroot door het 
gebruik van allologe trommelvliezen en gehoorbeentjes. 
Tonsillectomie verricht bij kinderen volgens de Sluder-methode is in ervaren 
handen een veilige ingreep. 
Armoede, honger en lijden in de (derde) wereld zijn een kwestie van Mensenrech-
ten. Een reactie van verontwaardiging is hierbij meer gepast dan medelijden. 
Veel welgemeende hulp is daarom niet meer dan de behandeling van een 
'symptoom' terwijl de 'ziekte' doorwoekert. 
De invoering per 8 juli 1989 van de Europese norm voorveiligheid, de Post-
Sovesorichtlijn, verhoogt niet de veiligheid rondom installaties en bedrijven. 
Door het geven van goede voorlichting omtrent de risicofactoren kan mogelijke 
ongerustheid worden weggenomen en ontstaat een maatschappelijke acceptatie 
van bedrijfsactiviteiten. 
De tekst "Don't worry, be happy" geplaatst op perrons van de Nederlandse Spoor-
wegen kan verandert worden in "Don't hurry, be happy". 
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